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EXECUTIVE  SUMMARY 

This  report  defines  the  best  technology  available  for  reducing  the  discharges  of  pollutants  in  the 
effluents  from  the  27  direct  discharge  pulp  and  paper  mills  in  Ontario.  !t  is  one  step  in  the 
Municipal  Industrial  Strategy  for  Abatement  (MISA)  program  to  virtualfy  eliminate  the  discharge  of 
persistent  toxic  contaminants  into  waterways. 

The  technology  available  worldwide  was  reviewed.  The  discharge  control  technologies  considered 
included  in-plant  measures  for  reduction  of  pollution  at  source,  and  external  effluent  treatment. 
Several  technology  trains,  or  groups  of  individual  process  modifications  and/or  external 
treatment  processes  were  developed  for  each  of  the  four  sub-sectors  in  the  pulp  and  paper 
industrial  sector.  Each  technology  train  represents  an  integrated  group  of  proven  systems  that 
could  be  used  to  improve  effluent  quality  substantially,  and  differs  in  cost  and  effluent 
characteristics.  These  alternative  technology  trains  served  as  the  basis  for  calculations  of  process 
changes  and  costs  to  reach  various  levels  of  effluent  quality. 

Since  there  are  many  effluent  parameters  considered,  there  is  no  single  technoiogy,  or  even  group 
of  technologies,  that  will  minimize  the  discharge  of  all  pollutants  simultaneously.  Selection  of  the 
best  of  these  trains  will  therefore  depend  on  the  relative  importance  attached  to  each  pollutant,  as 
well  as  on  a  separate  analysis  of  economic  achievabiiity  by  the  f^inistry. 

Best  Available  Technology  (BAT)  is  defined  by  the  Ministry  as  the  most  effective  technology  which 
is  proven  on  an  Industrial  scale,  or  by  reliable  pilot /laboratory  studies,  for  the  reduction  of 
discharges  of  the  pollutants  on  the  Ontario  Effluent  Monitoring  Priority  Pollutants  List  (EMPPL). 
The  definition  does  not  consider  cost,  but  does  include  reliability,  performance,  impact  on  media 
other  than  the  receiving  waters  and  overall  technical  feasibility. 

The  authors  investigated  a  wide  range  of  technologies  in  North  America.  Europe,  Australia  and 
Japan  which  were,  or  were  claimed  to  be,  applicable  to  reducing  pollutants  discharged  in  the 
effluent  of  pulp  and  paper  mills  similar  to  those  in  Ontario,  in  evaluating  the  available  technology, 
the  following  aspects  were  considered: 

Modification  of  the  production  process  to  reduce  or  eliminate  formation  of  pollutants 

Chemical  substitution 

In-plant  controls,  including  the  abatement  of  accidental  spills 

Best  management  practices 

Water  conservation 

External  effluent  treatment  technologies 

Energy  conservation 
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Reduction  of  effluents  at  source 


In  all  alternative  technology  trains  discussed  in  this  report,  each  of  the  process  modifications  for 
reduction  of  effluent  at  source,  which  was  selected  for  detailed  analysis  and  costing,  is  exploited 
to  the  maximum  extent  feasible. 


For  the  kraft  sub-sector,  there  is  a  variety  of  technoiogies  available  which  can  reduce  discharges  of 
poiiutants,  in  many  cases  more  effectiveiy  than  by  external  effluent  treatment.  The  principai  proven 
measures  are  dry  debarking,  improved  pulp  washing,  extended  cooking,  oxygen  deiignification. 
and  substitution  of  chiorine  dioxide  for  chlorine  in  the  bieaching  process. 

For  the  other  sub-sectors  of  the  pulp  and  paper  industry,  the  aiternatives  for  in-piant  effluent 
reduction  are  more  limited,  although  some  potentially  very  effective  measures  are  at  an  advanced 
stage  of  development. 

External  effluent  treatment 

Activated  sludge  treatment  (AST)  and  the  aerated  stabilization  basin  (ASB)  processes  have  been 
known  for  many  years.  Developments  In  technology  and  operating  practices  through  the  1980s 
have  demonstrated  that  better  performance  is  attainable  than  has  been  considered  normal  in  the 
past.  While  there  have  been  significant  evolutionary  developments  in  these  fields  over  the  past  ten 
years,  there  are  no  radically  new  external  effluent  treatment  systems  that  are  considered  as  BAT. 
The  most  significant  developments  have  been  in  operating  knowledge.  Some  of  the  best 
performing  effluent  treatment  plants  are  over  15  years  old. 


Attainable  Effluent  Characteristics 

In  all  cases,  the  technologies  evaluated  would  discharge  effluents  substantially  less  contaminated 
than  those  defined  as  "Best  Available  Technology"  (BAT^J5)'  and  "Best  Practicable  Control 
Technology"  (BPT)  by  the  US  Environmental  Protection  Agency.  This  Is  not  surprising  since  the 
USEPA  defined  BAT  and  BPT  in  the  early  1980s,  on  the  basis  of  data  collected  in  the  late  1970s, 
and  a  considerable  body  of  pollutant  discharge  control  knowledge  has  been  developed  since 
then^ 

The  effluent  characteristics  defined  under  BPT  and  BAT^j^are  primarily  BOD  and  Total  Suspended 
Solids  (TSS).  They  are  generally  more  stringent  than  the  Scandinavian  requirements  for  these 
pollutants.  Scandinavia  requirements,  and  by  implication,  "BAT"  in  Scandinavia,  concerning 
organochlorines  are  more  demanding  than  in  the  US.    The  more  advanced  BAT  technologies 


'  The  abbreviation  'BAVis  widely  used  to  refer  to  an  amalgam  of  the  USEPA's  BAT  and  BPT.  Ontario  uses  the  term  'BAV 
(o  refer  to  best  available  technology,  without  any  consideration  of  economic  achievability.  The  latter  is  considered 
independently  as  part  of  the  pnxess  of  developing  regulations.  In  this  report.  'BAT  refers  to  the  Ontario  definition,  unless 
stated  otherwise. 

^  EPA  is  currently  tvvising  its  definitions  of  BAT  and  BPT.  It  is  expected  that  more  stringent  regulations  will  be  in  fon:o  In 
the  late  1990s. 
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evaluated  in  this  report  wouid  result  in  lower  discharges  of  organochlorine  compounds,  AOX,  than 
the  current  Scandinavian  regulations. 

Conventional  pollutants 

The  effluent  from  all  alternative  technology  trains  examined  would  be  non-lethal  to  trout  and 
Daphnia  magna.  Sub-lethal  toxicity  would  be  substantially  reduced. 

Alternatives  are  presented  which  could  reduce  BOD  to  between  1.1  and  0.4  kg/tonne  product, 
depending  on  which  technology  is  selected^.  TSS  could  be  reduced  to  the  range 
2.8  to  0.6  kg/tonne.  It  would  be  technically  feasible  to  reduce  the  discharges  from  any  mil!  to  the 
lower  levels  indicated,  providing  the  costs  and  environmental  trade-offs  such  as  increased  sludge 
generation  and  energy  consumption  are  considered  acceptable.  Attainable  discharges  for 
individual  mills  are  presented  in  the  tables  at  the  end  of  this  executive  summary. 

Organochlorines 
Dioxins 

The  technology  for  reducing  dioxin  discharges  from  bleached  kraft  pulp  mills  is  becoming  quite 
well  known.  All  the  technology  trains  investigated  would  reduce  the  discharges  of  2,3,7,8  TCDD 
below  the  detection  limits  specified  in  the  MiSA  Monitoring  Regulations. 

The  1990  effluent  monitoring  program  discovered  unexpected  octa-dioxins  in  some  non-kraft  mill 
effluents.  There  is  no  technology  known  for  reducing  these  discharges,  and  it  is  not  yet 
established  whether  they  are  environmentally  significant. 

Adsorbable  Organic  Halogen  (AOX) 

Discharges  of  chlorinated  organic  chemicals  can  be  reduced  by  currently  proven  technology,  and 
five  alternative  processes  were  examined  which  could  lower  AOX  discharges  as  follows: 


Alternative  technology  trains  LTA 


High  chlorine  dioxide  substitution,  ASB  i  .9 

Complete  chlorine  dioxide  substitution,  ASB  0.75 

Oxygen  deligniflcation,  ASB  0.6 

Extended  cooking,  ASB  0.5 

Oxygen  delignification,  extended  cooking,  AST 045 

All  values  expressed  as  kg/tonne  bleached  kratt  pulp. 

LTA  =  Long  Term  Average,  AST  =  Activated  Sludge  Treatment,  ASB  =  Aeraled  Stabilisation  Basin. 


^  Curmntty,  BOD  discharges  from  Ontario  milts  are  In  the  range  of  3  to  65  kg /tonne  product. 
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These  process  alternatives  represent  only  five  of  a  spectrum  of  many  possibilities,  most  of  which 
can  be  applied  to  varying  degrees.  Five  specific  Implementations  were  analysed  in  detail  for  all  the 
Ontario  kraft  mills,  and  are  discussed  in  detail  in  the  report.  The  data  presented  above  represent 
the  long  term  average  performance  for  kraft  mills  bleaching  Northern  softwood  pulps.  AOX 
discharges  from  mills  bleaching  hardwood  pulps  would  be  lower. 

The  first  alternative,  high  chlorine  dioxide  substitution,  is  already  being  practiced  by  many  mills, 
including  several  in  Ontario.  The  second  alternative  is  being  used  in  at  least  20  North  American 
mills  and  many  more  mills  are  presently  installing  equipment  to  practice  it.  Oxygen  deiignrficatlon 
has  been  used  since  1970,  and  Is  currently  operating  In  about  20%  of  bleached  kraft  mills  in  the 
developed  countries,  with  a  number  of  systems  under  construction.  Extended  cooking  was 
introduced  in  the  mid  1980s,  and  is  currently  used  in  several  mills,  with  about  twenty  additional 
systems  under  construction.  Equipment  corresponding  to  the  last  option  above  is  operating  in 
several  mills  outside  Ontario  . 


Ontario  effluent  monitoring  priority  pollutants  list 

Many  of  the  other  substances  on  the  Ontario  Effluent  Monitoring  Priority  Pollutants  List  (EMPPL) 
were  detected  only  rarely,  in  trace  concentrations,  or  not  at  all  during  the  extensive  effluent 
monitoring  program  which  was  implemented  throughout  1990  in  the  pulp  and  paper  industry. 
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Costs  of  Implementing  BAT  in  Ontario  mills 

Capital  costs 

The  capital  costs  of  implementing  the  Best  Available  Technology  in  Ontario  mills  would  range  from 
zero,  for  mills  already  doing  so,  to  almost  $160  million.  These  costs  depend  on  the  size  of  the  mill, 
site  difficulties  and  the  extent  of  prior  Investment  In  effluent  discharge  control  systems. 

The  high  capital  costs  for  pulp  mills,  particularly  the  newsprint  mills,  suggest  that  at  least  some  of 
the  Ontario  mills  will  follow  industry  trends  seen  in  most  major  pulp  producing  regions,  and 
modernize  the  pulping  operations  instead  of  applying  the  l<nown  in-plant  effluent  reduction 
technologies  and  treating  the  resulting  effluents,  as  discussed  in  this  report. 

In  newsprint  mills,  this  would  involve  abandoning  the  existing  suiphlte/groundwood  pulping 
operations  and  replacing  them  with  modern  TMP  equipment.  The  capital  costs  would  be  far  in 
excess  of  those  discussed  herein,  but  would  reduce  total  mill  operating  costs  substantially. 
Prediction  of  the  cost  implications  of  such  major  mill  rebuilds  is  not  within  the  scope  of  this  report. 

Operating  costs 

Operating  and  maintenance  costs  corresponding  to  the  above  capital  Investments  would  range 
from  negligible  to  $7  million  per  year. 

The  total  of  the  amortized  capital  cost  and  operating  costs  would  be  $105/tonne  product  for  the 
kraft  mill  which  would  incur  the  highest  costs  for  the  most  advanced  technology  available.  Most 
alternatives  for  the  majority  of  pulp  mills  would  cost  in  the  order  of  $40/tonne  product.  Costs  for 
the  paper  mills  which  do  not  manufacture  pulp  would  generally  be  about  half  the  latter  value. 

Costs  and  attainable  effluent  discharges  for  individual  mills 

Data  on  the  attainable  effluent  discharges  and  costs  for  individual  mills  are  presented  In  Chapters  7 
and  8,  for  the  various  alternative  technology  trains  evaluated.  The  summary  tables  from  these 
chapters  are  reproduced  on  the  following  pages. 
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Predicted  effluent  characteristics  and  costs  for  the  kraft  sub-sector 

[This  table  It  raproduc^d  trom  Ch^jtar  BJ 

BoIm 

CPFP 

CPFP 

Domtar 

Domtsr 

Eddy 

Jamea  River 

K-C 

Maltttte 

Fort  Frances 
jentdata  {^99■\,  refer  to  note) 

Oryden 

Thunder  Bay 

Cornwall 

Red  Rock 

Eapanola 

Marathon 

Terrace  Bay 

Smth.  Rock 

Base  case  effli 

Production  rate 

t/day 

970 

965 

2.290 

726 

819 

943 

425 

1.110 

297 

Bleached  product 

t/day 

573 

735 

1,279 

412 

57 

943 

425 

1.110 

297 

Effluent  flow 

m^/day 

77,276 

91.707 

173,931 

126,049 

95.187 

98,577 

61.888 

95,122 

50.664 

TSS 

kg /day 

10,793 

5,524 

16.000 

10.415 

6,260 

2.745 

2,578 

4,279 

1,512 

BOD 

kg/day 

9,000 

3,132 

20,793 

22,053 

15.716 

1,689 

12,564 

1.408 

8.310 

AOX 

kg/day 

1.000 

2,293 

2.683 

401 

169 

841 

850 

1,931 

596 

AOX 

kg/t 

1.7 

3.1 

2.1 

1, 

3. 

0.9 

2. 

1.7 

2. 

Phosphorus 

kg /day 

136 

181 

117 

43 

21 

55 

40 

40 

19 

TKN 

kg/day 

742 

175 

253 

355 

178 

325 

191 

441 

103 

Train  K1 

Eliminate  detectable  dioxins 

Capital  cost 

$13,127,000 

$12,345,000 

$38,845,000 

$82,764,000 

$43,287,000 

$15,821,000 

$23,456,000 

$11,938,000 

$24,889,000 

0  &  M  costs 

*/yr 

$2,147,000 

$1,560,000 

$3,904,000 

($3,243,000) 

$168,000 

$396,000 

$1,336,000 

$2,042,000 

$1,863,000 

TSS 

kg/day 

2,633 

2.171 

2.290 

726 

1.843 

2,122 

956 

2,498 

808 

BOD 

kg/day 

1,170 

965 

1,145 

363 

819 

943 

425 

1,110 

206 

AOX 

kg /day 

804 

1,392 

2,388 

235 

91 

841 

806 

1;s2i 

438 

AOX 

kg/t 

1.56 

1.89 

1.87 

0.57 

1.59 

0.89 

1.89 

ijsr 

1.47 

Phosphorus 

kg /day 

47 

39 

40 

29 

33 

38 

17 

44 

12 

TKN 

kg/day 

527 

434 

500 

363 

369 

424 

191 

500 

133 

Train  K2 

Eliminate  molecular  chlorine 

Capital  cost 

$26,425,000 

$18,964,000 

$38,845,000 

$84,462,000 

$48,454,000 

$35,522,000 

$31,166,000 

$17,281,000 

$24,889,000 

0  &  M  costs 

$/yr 

$2,932,000 

$3,047,000 

$5,845,000 

($2,833,000) 

$530,000 

$2,007,000 

$2,661,000 

$3,314,000 

$2,199,000 

TSS 

kg /day 

2,183 

2,171 

2,290 

726 

1,843 

2,122 

956 

2,496 

666 

BOD 

kg /day 

970 

965 

1,145 

363 

819 

943 

425 

1,110 

296 

AOX 

kg /day 

279 

479 

954 

190 

20 

350 

294 

827 

168 

AOX 

kg/t 

0.49 

0.65 

0.75 

0.46 

0.35 

0.37 

0.69 

0,56 

0.56 

Phosphorus 

kg/day 

39 

39 

40 

29 

33 

38 

17 

44 

12 

TKN 

kg/day 

437 

434 

500 

363 

369 

424 

191 

500 

133 

AOX  data  refers  to  the  production  rate  of  bleached  pulp. 

Effluent  data  for  "1991"  refers  to  calculated  characteristics  after  projects  which  were  physically  committed  before  April 

Ail  effluent  data  shown  above  are  long  term  averages. 

Costs  shown  in  parentheses  are  negative. 


1991  are  completed. 
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BAT  definftion  Study,  Pulp  and  Paper  Sector 


Predicted  effluent  characteristics  and  costs  for  the  kraft  sub-sector 

■  (continued) 

BolM 

CPFP 

CPFP 

Domtar 

Domtar 

Eddy 

James  Rhrer 

K-C 

KUtotte 

Fort  Frances 

Dry  den 

Thunder  Bay 

Cornwall 

Red  Rock 

Etpanola 

Marathon 

Terrace  Bay 

Smth.  Rock 

Train  K3 

Eliminate  molecular  chlorine  (including  oxygen  delignification) 

Capital  cost 

$37,449,000 

$33,789,000 

$63,936,000 

$93,102,000 

$45,414,000 

$35,522,000 

$41,076,000 

$45,317,000 

$31,665,000 

0  &  M  costs 

$/yr 

$1,828,000 

$1 ,878.000 

$2,355,000 

($3,471 .000) 

$429,000 

$2,007,000 

$1,872,000 

$1,005,000 

$1 ,527,000 

TSS 

kg/day 

2,183 

2,171 

2.290 

726 

1,843 

2,122 

956 

2,498 

666 

BOD 

kg/day 

970 

965 

1,145 

3fi,3 

819 

943 

425 

1,110 

296 

AOX 

kg/day 

183 

356 

767 

148 

0 

350 

234 

476 

123 

AOX 

kg/t 

0.32 

0.46 

0.6 

0.36 

0. 

0.37 

OSS 

a43 

0.41 

Phosphorus 

kg/day 

39 

39 

32 

29 

33 

38 

17 

44 

12 

TKN 

kg/day 

437 

434 

400 

363 

369 

424 

191 

500 

133 

Train  K4 

Eliminate  molecular  chlorine 

(including  extended  cooking) 

Capital  cost 

$73,098,000 

$74,744,000 

$125,362,000 

$116,629,000 

$119,876,000 

$fi.S,255,000 

$97,451,000 

$52,219,000 

0  &  M  costs 

%/vr 

($1,877,000) 

$559,000 

($602,000) 

($6,485,000)  (Train  4  is  not 

($1,947,000) 

($2,208,000) 

($4.R1'1,000) 

$1,316,000 

TSS 

kg/day 

2.183 

2,171 

2,290 

726 

applicable) 

2,122 

9m 

2,498 

666 

BOO 

kg/day 

970 

965 

1,145 

363 

943 

425 

1.110 

296 

AOX 

kg/day 

160 

315 

647 

100 

216 

148 

446 

109 

AOX 

kg/t 

0.28 

0.43 

0.51 

0.24 

0^ 

0.35 

a4 

0.37 

Phosphorus 

kg/day 

39 

39 

28 

29 

38 

17 

44 

12 

TKN 

kg/day 

437 

434 

350 

363 

424 

191 

500 

133 

Train  K5 

Eliminate  molecular  chlorine 

(including  oxygen  delignification  and  ex^nded  cooking) 

Capital  cost 

$113,042,000 

$119,163,000 

$153,260,000 

$129,433,000 

$146,699,000 

$85,586,000 

$158,633,000 

$69,025,000 

O&Mcosts 

t/r 

$3,494,000 

$7,705,000 

$3,691,000 

($4,449,000)  (Train  5  is  not 

$6,896,000 

$1,234,000 

$1,113,000 

$4,129,000 

TSS 

kg/day 

970 

965 

2,290 

726 

applicable) 

943 

425 

1,110 

296 

BOD 

kg/day 

485 

483 

1,145 

363 

472 

213 

S5A 

148 

AOX 

kg/day 

130 

297 

568 

72 

216 

110 

313 

93 

AOX 

kQ/t 

0.23 

0.4 

0.44 

0.18 

0.23 

0.26 

0.28 

0.31 

Phosphorus 

kg /day 

39 

39 

28 

29 

38 

17 

44 

12 

TKN 

kg /day 

485 

483 

350 

363 

472 

m^ 

565 

148 

AOX  data  refers  to  the  production  rate  of  bleached  pulp. 

Effluent  data  for  "1991"  refers  to  calculated  characteristics  after  projects  which  were  physically  comnnitted  before  April  1991  are  completed. 

All  effluent  data  shown  above  are  long  term  averages. 

Costs  shown  in  parentheses  are  negative. 
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Costs 


N.  McCubbin  Consultants  Inc. 


BAT  definition  Study,  Pulp  and  Paper  Sector 


Predicted  effluent  characteristics  and  costs  for  the  sulphite/mechanical  sub-sector 

[This  abto  IS  npmducvd  from  Chtplv  e] 

A-P 

ArP 

A-P 

A-P 

Boise 

QftO 

St  Marys 

Sprue*  Falls 

Thunder  Bay 

Fort  William 

Prov.Papef      Iroquois  Falls 

Kwwra 

ThoroM 

SauH  Sto.  M. 

KApuskaslng 

Production  and  effluents  from  MISA  1990  sampling  program 

Production  rate 

tonnes/day 

472 

371 

424 

801 

929 

840 

606 

978 

Effluent  flow 

m^/day 

44,728 

25,658 

47,206 

62,414 

47,786 

60.740 

33,337 

75,806 

TSS 

kg/day 

1.904 

1,190 

1,594 

7,625 

3,431 

2,932 

6,012 

7,900 

BOD 

kg/day 

27,344 

14.023 

4,221 

55,817 

34,889 

1,134 

5,701 

31,681 

Phosphoais 

kg/day 

9 

11 

4 

33 

14 

25 

25 

25 

Total  Kjeldahl  Nitrogen 

kg/day 

77-3 

75.1 

55.1 

194. 

109.2 

181.6 

36.9 

12-06 

Train  Si 

Actfvated  sludge  treatment 

Capital  cost 

$31,075,000 

$20,591,000 

$17,144,000 

$42,646,000 

$32,589,000 

$3,830,000 

$15,550,000 

$34,948,000 

0  &  M  costs 

$/year 

$3,934,000 

$2,639,000 

$1,761,000 

$6,170,000 

$4,614,000 

$96,000 

$1 ,957,000 

$4,463,000 

TSS 

kg/day 

472 

371 

424 

801 

929 

840 

506 

978 

BOD 

kg/day 

236 

1B6 

212 

401 

465 

420 

253 

460 

Phosphorus 

kg/day 

19 

15 

17 

32 

37 

25 

20 

30 

Total  Kjeldahl  Nitrogen 

kg/day 

236 

186 

212 

401 

465 

181.6 

SS3 

489 

Train  S2 

Activated  sludge  treatment  plus 

granular  filter 

Capital  cost 

$36,637,000 

$25,240,000 

$22,279,000 

$50,912,000 

$41,831,000 

$12,397,000 

$21,408,000 

$44,555,000 

O&Mcosts 

$/year 

$4,067,000 

$2,795,000 

$1,838,000 

$6,497,000 

$5,116,000 

$462,000 

$2,185,000 

$4,896,000 

TSS 

kg/day 

236 

186 

212 

401 

465 

420 

289; 

480 

BOD 

kg/day 

165 

130 

148 

280 

325 

294 

%w 

342 

Phosphorus 

kg /day 

9.4 

7.4 

8.5 

16.0 

18.6 

16.8 

10.1 

19.6 

Train  S3 

Activ^ed  sludge  treatment  plus  chemically  assisted  coagulation 

Capital  cost 

$34,999,000 

$23,890,000 

$20,776,000 

$48,412,000 

$39,016,000 

$9,800,000 

$19,677,000 

$41,622,000 

O&Mcosts 

$/year 

$4,574,000 

$3,194,000 

$2,294,000 

$7,358,000 

$6,117,000 

$1,365,000 

$2,729,000 

$5,947,000 

TSS 

kg/day 

236 

186 

212 

401 

465 

420 

2S3 

480 

BOD 

kg/day 

165 

130 

148 

280 

325 

294 

177 

342 

Phosphorus 

kg/day 

9.4 

7.4 

8,5 

16.0 

18.6 

16.8 

101 

19.6 

Ail  effluent  data  shown  above  are  long  term  averages. 

For  Quebec  and  Ontario  Paper  Company,  train  1  consists  o(  the  existing  UNOX  system  with  reduced  flow.  The  predicted  effluent  quality  must  be  considered  as  indicative  only 

TKN  discharges  are  omitted  for  trains  2  and  3  due  to  tack  of  available  data  on  performance.  The  values  obtained  will  be  somewhat  lower  than  for  train  1 . 
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Predicted  effluent  characteristics  and  costs  for  the  corrugating  sub-sector 

Domtar  MacMillan 

Trenton Sturgeon  Falls 

Base  Case  Effluent  Data  (mferto  note) 

production  rate 

Effluent  flow 

TSS 

BOD 

Phosphorus 

Total  Kjeldahl  Nitrogen 

Train  CI 

Capital  cost 

O  &  M  costs 

TSS 

BOD 

Phosphorus 

Total  Kjeldahl  Nitrogen 

Train  C2 

Capital  cost 
O  &  M  costs 
TSS 
BOO 
Phosphorus 

Train  C3 

Capital  cost 

O  &  M  costs 

TSS 

BOD 

Phosphorus 

Base  case  effluent  data  were  estimated  by  the  authors  to  reflect  all  projects  to  improve  effluent  which 
were  physically  committed  before  April  1991 . 


t/day 

327 

274 

cu.  m/day        4,015 

13,698 

»<g/day 

574 

2,633 

kg/day 

5,258 

19.655 

kg /day 

3 

28 

kg/day 

24 

328 

Actrvated 

sludge  system 

$10,475,000 

$16,850,000 

$/year 

$2,056,000 

$2,614,000 

kg/day 

88 

274 

kg/day 

44 

137 

kg/day 

4 

11 

kg/day 

44 

137 

Activated 

sludge  system  plus  granular  filter 

$12,091,000 

$20,565,000 

$/year 

$2,104,000 

$2,765,000 

kg/day 

44 

137 

kg/day 

31 

96 

kg/day 

1.8 

5.5 

Activated 

sludge  system  plus 

chemically  assistei 

$11,665,000 

$19,505,000 

$/year 

$2,198,000 

$3,059,000 

kg/day 

44 

137 

kg/day 

31 

96 

kg/day 

1-8 

5.5 

September  1,  1991. 


■9- 


Costs 


N.  McCubbin  Consultants  Inc. 


BAT  definition  Study,  Pulp  and  Paper  Sector 


Predicted  effluent  characteristics  and  costs  for  the  deinking/board/fine  papers/tissue  sub-sector 

[Thia  tatia  is  topfoducecl  tram  Chaptm  8} 

B«aver 

Domtar 

Eddy 

Noranda 

K-C 

K-C 

Trwit  Valley 

Strathcona 

Thorold 

St  Catharines 

Ottawa 

I 

Thorold 

SL  Catharine* 

Huntsvllto 

Trenton 

Napanee 

Production  and  effluents  from  MiSA  1990  sampling  program 

Prodiiction  rate 

tonnes/day 

225 

161 

166 

270 

108 

100 

305 

178 

Effluent  flow 

m^/day 

15,121 

10,473 

7,599 

20,775 

7,736 

878 

3,659 

3,869 

TSS 

kg/day 

759 

423 

560 

1,000 

59 

5 

514 

243 

BOD 

kg/day 

1,753 

1.193 

1,176 

3,236 

324 

3 

1,517 

608 

Phosphorus 

kg/day 

0,9 

0,2 

0,3 

2.0 

1.0 

0.3 

1 

1.6 

Total  Kjeidahl  Nitrogen 

kg/day 

33.2 

19,5 

30,9 

31 

19,5 

5.8 

13,7 

393 

Train  F1 

(Refer  to  note) 

ASB 

AST 

AST 

AST 

None 

ASB  (exi 

sts) 

ASB 

ASB  (exists) 

Capital  cost 

$3,395,000 

$6,489,000 

$6,775,000 

$10,652,000 

$0 

$0 

$3,099,000 

$500,000 

0  &  M  costs 

$/year 

$335,000 

$978,000 

$979,000 

$1,296,000 

$0 

$0 

$330,000 

$53,000 

TSS 

kg/day 

506 

161 

176 

270 

59 

5 

192 

203 

BOD 

kg/day 

225 

ai 

88 

135 

169 

3 

85 

90 

Phosphorus 

kg/day 

g 

6.4 

7,1 

10.8 

1.0 

0.3 

3.4 

1:6 

Total  Kjeidahl  Nitrogen 

kg /day 

101 

81 

88 

135 

19.5 

5.8 

38 

41 

Train  F2 

Activated  sludge  treatment 

Capital  cost 

$7,387,000 

$6,489,000 

$6,775,000 

$10,652,000 

$0 

$0 

$6,591,000 

$4,703,000 

O&M  costs 

$/year 

$1,036,000 

$978,000 

$979,000 

$1,296,000 

$0 

$0 

$1,007,000 

$370,000 

TSS 

kg/day 

225 

161 

176 

270 

59 

5 

85 

47 

BOD 

kg/day 

113 

81 

88 

135 

169 

3 

43 

23 

Phosphorus 

kg /day 

g 

6.4 

7,1 

10.8 

1.0 

0.3 

3,4 

1.9 

Total  Kjeidahl  Nitrogen 

kg /day 

113 

81 

88 

135 

19.5 

5.8 

43 

23 

All  effluent  data  shown  above  are  long  term  averages. 

Train  1  uses  the  aerated  stabilisation  basins  where  space  Is  available  on  the  mill  site,  Otherwise  activated  sludge  treatment  is  used. 

For  trains  2,  3  and  4,  the  process  is  uniform  for  all  mills,  unless  no  installation  at  all  is  required,  so  the  process  is  not  specified  in  each  column, 

K-C.  St.  Catharines  mill  effluent  BOD  was  reduced  as  indicated  after  the  1990  MISA  monitoring  program  by  measures  initiated  by  the  company 

(Table  continued  on  next  page) 
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N.  McCubbJn  Consultants  inc. 


BAT  definition  Study,  Pulp  and  Paper  Sector 


Predicted  effluent  characteristics  and  costs  for  the  dein king/board/fine  papers/tissue  sub-sector  (continued) 


Beaver 

Oonrtar 

Eddy 

Noranda 

K-C 

K-C 

Trent  Valley 

Strathcona 

Thorold 

St.  Catharines 

Ottawa 

ThoroM 

St  Catharines 

Huntovllle 

Trenton 

Napanee 

Train  F3 

Activated  sludge 

treatment  plus  granular  fitter 

Capital  cost 

$10,599,000 

$9,002,000 

$9,462,000 

$14,327,000 

$0 

$0 

$8,176,000 

$5,735,000 

0  &  M  cost 

$/year 

$1,160,000 

$1,067,000 

$1,076,000 

$1,445,000 

$0 

$0 

$1,054,000 

$996,000 

TSS 

ttg/day 

113 

81 

88 

135 

59 

s 

43 

23 

BOD 

kg/day 

79 

56 

62 

94 

169 

3 

30 

16 

Phosphorus 

kg/day 

4.5 

3.2 

3.5 

5.4 

1.0 

0.3 

1.7 

0.9 

Train  F4 

Activated 

sludge  treatment  plus  chemically  assisted  coagulation 

Capital  cost 

$9,694,000 

$8,310,000 

$8,717,000 

$13,279,000 

$0 

$0 

$7,760,000 

$5,477,000 

O&Mcosts 

$/year 

$1,402,000 

$1,240,000 

$1 ,266.000 

$1,735,000 

$0 

$0 

$1,146,000 

$1,046,000 

TSS 

kg/day 

113 

81 

88 

135 

59 

5 

43 

23 

BOD 

kg/day 

79 

68 

62 

94 

169 

3 

30 

16 

Phosphorus 

kg/day 

4.5 

3.2 

3.5 

5.4 

1.0 

0.3 

1.7 

0.9 

All  effluent  data  shown  above  are  long  term  averages 

TKN  discharges  are  omitted  for  trains  3  and  4  due  to  lack  of  available  data  on  performance.  The  values  obtained  will  be  somewhat  lower  than  for  train  2. 
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N,  MoCubbtn  Consuttants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


1  SUMMARY  REPORT 


1.1  Terms  of  Reference 

The  goal  of  the  Municipal  Industrial  Strategy  for  Abatement  (MiSA)  program  Is  the  virtual 
elimination  of  persistent  toxic  contaminants  in  municipal  arxJ  industrial  discharges  Into  watenways. 

This  report  describes  the  Best  Available  Technology  (BAT)  for  the  reduction  of  pollutants  from  the 
27  pulp  and  paper  mills  in  Ontario  that  will  be  regulated  under  MISA.  The  terms  of  reference  for  this 
study  exclude  the  assessment  of  economic  achievablllty  In  favour  of  identifying  technologies  on 
the  basis  of  a  technical  evaluation  of  demonstrated  performance  at  the  discharge  point  only. 
Assessment  of  economic  achievability  will  be  carried  out  by  the  Ministry  of  the  Environment. 

1.1.1  Objectives 

To  develop  an  Inventory  of  the  best  worldwide  technology  available  for  the  control  of  effluents 
discharged  from  Ontario  pulp  and  paper  mills. 

To  develop  an  Inventory  of  current  technologies  used  by  the  27  Ontario  mills  for  controlling  effluent 
discharges. 

To  evaluate  several  technology  trains,  or  technical  alternatives,  that  could  k>e  applied  to  Ontario 
mills  in  each  of  the  four  sub-sectors  of  the  industry,  including  an  assessment  of  technical  feasibility, 
resulting  effluent  quality,  capital  costs  and  operating  expenditures. 


1.2  Background 

In  selecting  the  "Best"^  technology  it  has  generally  been  assumed  that  reduction  of  any  pollutant  is 
desirable.  This  Is  not  necessarily  the  most  environmentally  desirable  discharge  level,  but  Is  the 
only  logical  t>asls  for  evaluating  effluent  discharge  control  technology,  unless  the  Impact  of  the 
effluent  on  the  receiving  waters  and  other  environmental  effects  of  the  processes  used  to  reduce 
discharges  are  also  considered.  Assessment  of  the  environmental  Impact  of  different  effluent 
qualities  was  not  within  the  terms  of  reference  for  this  project. 

Up  to  five  alternative  technology  trains  have  been  defined  for  each  of  the  four  sub-sectors  in  the 
pulp  and  paper  Industry,  all  of  which  could  be  considered  as  BAT.  Several  emerging  technologies 
are  reviewed  that  could  potentially  be  used  within  the  next  few  years  to  reduce  effluent  discharges 
below  levels  currently  considered  to  be  Best  Available  Technology. 


*  The  term  'Besf  implies  that  there  is  one  techntcalty  best  approach  to  reducing  the  discharge  of  contaminants  in  any  one 
effluent  strewn.  In  practice  this  is  not  so.  There  are  many  parameters  that  must  tie  considered  to  define  the  quality  of  an 
effluent,  so  it  is  invariabfy  necessary  to  compromise  t>etween  parameters.  For  example,  the  biologicai  treatment  pnxess 
that  is  most  effective  in  reducing  discharges  of  organochlorines  is  less  efficient  than  others  in  reducing  BOD.  The  term 
BAT  is  so  widely  used  in  the  environment  protection  field  that  it  has  been  adopted  for  ffiis  report,  f^fer  to  the  discussion 
on  page  55. 
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Product  modifications  were  not  considered  as  BAT.  although  current  trends  in  the  industry  suggest 
that  in  some  circumstances  the  management  of  several  milis  will  prefer  this  approach  to  comply 
with  the  Impending  MiSA  regulations,  particularly  in  newsprint  mills. 

The  Ministry's  stated  policy  is  to  encourage  reduction  of  effluents  at  source  rather  than  treatment 
of  waste  waters.  The  potential  advantages  are  frequently  mentioned,  and  have  been  recognized 
by  the  Industry  for  many  years,  and  environmental  groups  currently  express  considerable  interest 
In  them.  All  Ontario  mills  have  implemented  some  measures  to  reduce  effluents  by  in-plant 
measures,  and  In  some  cases  these  measures  have  been  extensive.  However,  this  technology  is 
advancing  rapidly,  and  no  mill  Is  completely  up  to  date  in  its  application. 

In  the  pulp  and  paper  industry  It  is  now  possible  to  eliminate  alt  planned  effluent  discharges  in 
some  board  mills  which  do  not  have  to  produce  a  white  product.  More  significantly,  technologies 
are  emerging  which  are  applicable  to  the  predominant  sources  of  effluents  in  the  pulp  and  paper 
sector  (kraft  and  mechanical  pulping  sub-sectors)  which  could  eliminate  over  90%  of  most  of  the 
currently  discharged  contaminants.  However,  these  latter  technologies  are  not  yet  fully  proven^ 
so  the  technology  trains  evaluated  in  this  report  Include  biological  waste  water  treatment,  which  is 
the  only  proven  approach  to  attaining  non-lethal^  effluent  and  very  low  discharges  of  BOD. 

Technology  to  reduce  effluent  at  the  source  is  generally  l<nown  in  the  pulp  and  paper  industry  as 
"in-plant"  technology.  This  is  synonymous  in  concept  with  "Pollution  prevention  at  source",  and 
"Discharge  control  at  source".  Process  modifications  to  reduce  effluents  at  source  are  being 
developed  quite  rapidly,  particularly  with  respect  to  control  of  organochiorine  discharges  from 
bteached  kraft  pulp  mills.  This  report  includes  the  most  recent  information  available  to  the  authors, 
with  data  from  conferences  and  personal  contacts  up  to  June  1 991 ,  but  readers  are  cautioned  that 
some  of  this  information  will  no-doubt  become  quite  rapidly  obsolete. 

1.2.1  MISA  effluent  monHoring  program 

Traditionally,  only  a  relatively  small  number  of  pollutants  have  been  monitored  for  regulatory 
compliance  in  North  America.  Discharges  of  many  other  pollutants  have  been  determined 
sporadically  for  regulatory  and/or  research  purposes,  but  such  data  were  normally  available  only 
for  short  periods  or  for  single  mills. 

Throughout  1990,  the  effluents  from  all  27  direct  discharge  mills  In  Ontario  were  monitored 
intensively.  In  addition  to  the  high  frequency  of  the  sampling  and  analysis,  the  1990  MISA 
nrKjnltoring  program  was  distinguished  by  an  extensive  effort  to  standardize  procedures,  and  verify 
quality  of  flow  measurements,  sampling  and  analysis. 

In  retrospect,  there  were  some  limitations  In  the  program.  These  include  failing  to  record  mill 
operating  conditions,  particularly  production  rates,  simultaneously  with  sampling,  and  the  omission 
of  certain  toxic  substances  known  to  be  present  in  pulp  and  paper  industry  effluents  due  to  lack  of 


This  statement  should  not  discourage  regulators  from  approving  applications  of  innovative  technology  to  substantially 
eliminate  effluents,  since  several  emctive  pmcesses  appear  to  be  approaching  industrial  scale. 

'Non-iethal'  or  toxic'  in  this  context,  and  in  most  references  in  this  report,  refers  to  whether  the  effiuent  will  fail  the 
standard  tests  for  acute  lethality  to  rainbow  trout  or  daphnia  magna,  ft  has  little  or  no  relationship  to  toxicity  to  humans. 
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officially  standardized  protocols,  eg.  guiacols  arxJ  catechols.  The  program  probably  cost  at  least 
$10  million.  However,  the  database  generated  by  this  program  represents  one  of  the  most 
complete  sources  of  information  available  for  the  pulp  and  paper  mill  effluents  woridwide. 

Data  on  the  Ontario  mill  effluents  used  In  calculations  of  costs,  and  for  formulating  conclusions  in 
this  report,  were  taken  from  the  first  six  months  of  this  program  The  schedule  for  production  of 
the  report  and  development  of  effluent  limiting  regulations  did  not  allow  waiting  for  the  quality 
assurance/quality  control  data  assessment  and  report  on  the  full  year's  data.  The  database  for 
the  second  six  months  monitoring  was  scanned  and  no  exceptions  were  found  that  would 
modify  the  conclusions  of  this  report. 

1.3  Methodology 

1.3.1  Development  of  this  report 

The  BAT  sub-committee  of  the  MISA  Joint  Technical  Committee  was  involved  in  reviewing  this 
report  from  its  Inception.  This  sub-committee  Includes  representatives  from  the  pulp  and  paper 
industry.  Environment  Canada  and  several  branches  of  the  Ministry  of  the  Environment. 

The  request  for  proposals  for  consulting  services  was  developed  by  the  Ministry  and  approved  by 
the  committee,  as  was  the  selection  of  N.  McCubbin  Consultants  Inc.  after  reviewing  proposals 
from  eight  consulting  organizations  from  Scandinavia,  the  US  and  Canada.  The  consultant's 
project  manager  attended  the  monthly  meetings  of  the  BAT  sub-committee  from  the  initiation  of 
the  contract  in  early  February  1991  until  the  last  draft  of  the  report  was  submitted  In  late  July.  A 
current  draft  of  the  draft  report  was  made  available  to  the  BAT  sub-committee  for  review  at  each 
monthly  meeting,  but  was  not  circulated  to  all  members  until  31st  May. 

The  consultant  visited  a  number  of  mills  and  regulatory  agencies  in  North  America  and  Europe, 
and  contacted  many  more  to  collect  data  on  the  best  available  technologies  for  reduction  of 
effluents  at  source,  and  for  effluent  treatment.  The  alternative  technology  trains  to  t>e  evaluated 
were  agreed  upon  with  the  sub-committee  in  March  1991.  and  the  committee  was  kept  informed  of 
the  mills  being  visited  so  that  any  members  could  obtain  corroborating  information  as  they 
required,  or  suggest  locations  they  considered  to  be  of  particular  interest. 

Copies  of  the  mill  specific  comments  in  Chapter  4,  and  in  Appendices  A  and  B,  were  provkJed  to 
each  mill  for  comment  in  June  and  July  1991 .  Full  details  of  the  estimates  of  capital  and  operating 
costs  for  each  mill  were  provWed  to  each  company's  MISA  representative  for  review  prior  to 
finalizing  the  report,  to  minimize  errors  due  to  site  specific  difficulties  of  which  the  consultant  was 
not  aware. 

Useful  comments  and  criticisms  were  received  by  the  consultant  from  both  industry  and 
government  as  a  result  of  the  above  mentioned  consultations  and  circulation  of  documents. 
Agreement  was  reached  on  technical  matters  as  far  as  possible.  Where  there  was  no  agreement, 
the  consultant  made  the  final  decision  on  the  content  of  the  report. 
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1.3.2  AHemative  technology  trains 

After  the  best  available  technologies  for  various  aspects  of  controlling  effluent  discharges  fiad  been 
identified  and  documented,  cohesive  groups,  or  trains  of  appropriate  technologies  were 
developed  for  each  of  the  four  sub-sectors  of  the  Ontario  pulp  and  paper  industry.  The  capital  arxl 
operating  costs  for  each  technology  train,  and  the  characteristics  of  the  resulting  effluents,  were 
calculated  for  each  individual  mlii.  Most  of  the  technology  trains  could  be  applied  to  each  miii  in 
the  associated  sub-sector,  but  in  some  cases  site  specific  corKJitions  made  this  impractical,  or  an 
IrKlivldual  miii  had  already  Implemented  similar  technology. 

The  technology  trains  were  selected  to  provide  examples  of  practical  ways  of  implementing  the 
various  technologies,  as  a  basis  for  cost  estimates,  and  a  rational  basis  for  recommending  which 
levels  of  discharge  would  represent  the  Best  Available  Technology.  Each  train  for  a  given 
sub-sector  is  an  independent  alternative.  arKt  none  should  be  considered  as  a  progression 
toward  another.  In  many  cases  there  are  alternative  ways  of  achieving  simiiar  objectives,  and  it  is 
not  the  authors'  intention  to  suggest  that  only  the  technologies  described  herein  should  be 
acceptable  to  regulators  in  Ontario.  In  particular,  emerging  environmental  protection  technology 
should  be  encouraged,  rather  than  hindered  by  the  regulations  or  the  procedures  of  approval  of 
installations. 

1.3.3  Sources  of  information 

The  authors  experience  includes  environmental  work  related  to  the  pulp  and  paper  industry  In 
43  countries,  for  mills,  regulatory  bodies,  courts  and  various  international  organizations.  They 
made  considerable  efforts  tiirough  literature  searches  and  persona!  contacts  to  ensure  that  the 
most  advanced  technology  for  control  of  discharges  from  pulp  and  paper  mills  was  considered  in 
developing  this  report 

Readers  will  notice  that  most  of  the  mills  on  which  the  authors  based  conclusions  concerning  the 
best  demonstrated  technology  are  located  in  North  America.  This  does  not  indicate  that  the  mills 
practicing  the  best  available  effluent  discharge  control  technology  worldwide  are  ail  in  North 
America.  Mills  with  excellent  control  for  aqueous  effluents  exist  in  several  countries,  but  the 
performance  of  the  exemplary  North  American  installations  is  equal  to  those  overseas,  and  is 
l>etter  documented  by  detailed,  daily  testing  in  most  cases. 

Effluent  testing  procedures  used  across  North  America  are  generally  identical  to  those  used  in 
Ontario,  for  most  practical  purposes,  whereas  some  European  procedures  are  less  stringent,  or 
the  data  from  them  are  difficult  to  correlate  with  simiiar  tests  in  Ontario.  Examples  include  the 
Swedish  practice  of  testing  for  suspended  solids  with  a  more  open  mesh  filter  than  is  used  in 
Ontario,  or  the  recording  of  soluble  BOD  instead  of  Total  BOD,  and  the  use  of  BOD7  In  much  of  the 
Scandinavian  literature  and  reports  to  regulatory  agencies. 

One  reference  biological  treatment  system  is  in  an  integrated  mechanical  pulp  mill  in  France,  and 
the  others  are  all  in  North  America.  The  latter  include  two  in  Ontario.  E.B.  Eddy  at  Espanola  and 
Kimberty-Clark  at  Terrace  Bay  Several  European  installations  confirmed  the  feasibility  of  attaining 
the  effluent  characteristics  of  the  reference  plants  urxler  a  variety  of  conditions  by  demonstrating 
equally  excellent  performance.    Most  of  the  exemplary  external  treatment  systems  were  recently 
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constructed,  but  the  age  of  the  mills  varied  wkJety.   References  for  Internal  process  modifications 
to  reduce  effluents  at  source  are  roughly  evenly  split  l^etween  Scandinavia  arxl  North  America. 


1.4  Profile  of  Ontario  Pulp  and  Paper  Industry 

There  are  27  mHls  In  the  pulp  and  paper  sector  which  discharge  treated  Industrial  effluents  directly 
to  watercourses^  The  extent  of  in-plant  measures  for  reduction  of  effluent  discf^rges  at  source, 
and  the  degree  of  effluent  treatment  varies  very  widely  from  mill  to  mill. 

The  mills  are  mostly  at  least  25  years  old.  The  Kimberly-Clark  mill  at  Huntsvllle  Is  the  only  mill  built 
since  1965,  when  paper  industry  effluent  discharges  first  became  a  serious  concern  in  Ontario. 
Particularly  In  the  case  of  the  older  mills,  the  original  date  of  construction  has  become  almost 
Irrelevant,  since  most  of  the  original  Installations  have  been  replaced  with  more  modern  equipment 
In  the  past  20  years.  The  CP  Forest  Products  integrated  kraft  mill  in  Dryden  was  substantially 
replaced  in  the  1980s,  and  most  of  the  James  River  market  kraft  mill  in  Marathon  has  been 
replaced  since  1980.  in  the  sulphite  mechanical  sector,  there  has  been  a  trend  toward  reducing  or 
eliminating  sulphite  pulp  in  favour  of  TMP.  The  Quebec  and  Ontario  Paper  Co  mill  in  Thorold  was 
almost  completely  replaced  In  the  eaily  1980s,  and  the  sulphite  mill  was  shut  down  in  1987. 
Several  mills  have  installed  new  or  modernized  paper  machines.  Some  other  companies  have 
Invested  considerable  sums  In  modernizing  their  facilities,  and  a  few  can  be  considered  as  state-of- 
the-art  with  respect  to  effluent  discharge  control,  while  others  are  quite  outdated.  The  only  mill 
which  can  be  considered  to  discharge  extremely  low  quantities  of  effluents  by  woridwide  standards 
Is  the  Kimberly-Clark  mill  at  Huntsvllle. 

All  27  mills  have  primary  effluent  treatment,  and  seven  have  secondary  treatment. 

Effluent  discharges  range  from  slightly  under  1000  m^/day  to  173,000  m^/day,  carrying  from  3  to 
49,000  kg/day  BOD. 

Several  mills  are  In  the  process  of  implementing  effluent  discharge  control  measures^.  Including 
some  that  were  commissioned  after  the  1990  MISA  effluent  monitoring  program  was  completed*. 
Eight  of  the  nine  bleached  kraft  mills  have  Invested  In  measures  in  the  past  few  years  to  reduce 
discharges  of  organochlorines  (AOX),  including  the  PCDD/PCDF'°  group  ("dioxlns"  in  colloquial 
terms).  The  only  mill  where  2,3,7,8-TCDD  was  detected  during  the  first  six  months  of  the  1990 
MISA  effluent  monitoring  program  (James  River  at  Marathon)  has  since  modified  the  bleach  plant 
to  operate  without  molecular  chlorine,  which  is  one  of  the  accepted  methods  of  lowering  emissions 
of  2.3,7,8.  TCDD  below  detectable  levels. 


^  Several  other  mills  dischargo  tholr  efWuenfs  to  municipal  sewen.  These  are  not  discussed  in  this  report. 

^  For  example,   an  oxygen  activated  sludge  effluent  treatment  system  is  under  construction  at  ttm  CPFP  mill  at  Thunder 
Bay. 

*  including  capability  to  bleach  kraft  pulp  without  the  use  of  molecule  chlorine  at  James  River,  fi^arathon  and  Boise 
Cascade  in  Fort  Frances. 

'°  The  term  'PCDD/PCOr  is  used  frequently  In  fft/s  report  to  refer  to  ffw  whole  family  of  polycbhrlnaled  dkadns  and 
furans,  which  includes  2,3.7,8  TCDD. 
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Four  of  the  nine  kraft  mills  In  Ontario  have  secondary  treatment  systems,  compared  to  123  of  the 
125  kraft  mills  in  the  US  and  5  of  the  15  tileached  kraft  mills  In  Sweden. 

1.5  Pulp  and  Paper  Manufacturing  Processes 

Pulp  is  an  Intermediate  product  In  the  manufacture  of  paper,  and  is  manufactured  In  Ontario  by  a 
numtaer  of  quite  different  processes,  with  varying  effluent  characteristics.  Kraft  and  mechanical 
pulp  are  the  two  predominant  types  of  wood  pulp  produced  in  Ontario,  as  well  as  in  the  rest  of  the 
world.  Kraft  pulp  is  usually  t}leached  by  molecular  chlorine,  chlorine  compourvjs  and  related 
chemicals,  arx)  then  dried  for  sale  or  used  on  site  for  papermaking.  Mechanical  pulps,  produced 
with  a  wide  degree  of  chemical  assistance  and  by  a  variety  of  mechanical  pulping  equipment,  are 
used  extensively  in  Ontario  for  the  manufacture  of  newsprint  and  to  some  extent  for  other 
products.  These  processes  produce  oxygen  demanding  and  toxic  substances  that  may  be 
reduced  to  very  low  levels  by  biological  treatment  and/or  process  modifications. 

Pulp  may  also  be  produced  by  repulping  waste  paper,  some  of  which  requires  deinking.  This  latter 
process  is  a  significant  source  of  solid  waste,  and  a  minor  source  of  oxygen  demanding 
substances. 

1.5.1  Kraft  pulp 

The  kraft  process,  also  known  as  the  sulphate  process,  Is  the  dominant  chemical  pulping  process 
in  Ontario  and  the  rest  of  the  worid.  It  relies  entirely  on  chemical  actions  to  separate  the  pulp  into 
fibres,  and  Is  most  commonly  used  to  produce  bleachable  grades  of  pulp.  Production  of  pulp, 
prevention  of  effluent  discharges  at  source,  and  air  pollution  control  are  inextricably  interrelated. 
The  potential  for  minimizing  effluent  discharges  at-source  Is  greater  for  kraft  mills  than  for  other 
types  of  mill.  The  major  proven  process  variations  of  the  kraft  process  developed  since  1960 
which  are  environmentally  significant  are  oxygen  delignification  (1970)  arxJ  extended  cooking 
(1985).  Both  are  practiced  in  one  Ontario  mill.  Substitution  of  chlorine  with  chlorine  dioxide  has 
been  developed  steadily  since  the  1960s.  It  is  now  quite  common  to  replace  all  molecular  chlorine 
used  In  kraft  bleaching  with  chlorine  dioxide  (100%  substitution).  Emerging  technologies  to  reduce 
pollutant  discharge  from  kraft  mills  Include  ozone  delignification,  as  well  as  bleaching  with 
hydrogen  peroxWe,  sodium  hydrosulphtte  and  the  proprietary  Lignox  process. 

1.5.2  Chlorine-free  bleaching  of  kraft  pulp 

This  term  Is  so  widely  misused  that  the  authors  have  avoided  its  use.  The  terms  "molecular- 
chlorine  free"  arxi  "chlorine-compound  free"  are  used,  as  defined  In  the  glossary,  to  distinguish 
between  the  two  principal  variations  of  the  term  "chlorine-free".  Both  approaches  are  discussed  on 
pages  34  et  seq. 
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1.6.3  Environmental  significance  of  the  brightness  of  kraft  pulps 

The  possibility  of  reducing  the  brightness  specifications  for  kraft  pulps  was  one  of  the  alternative 
process  modifications  considered.  However,  it  was  rejected  since  there  is  evidence  that  this  would 
not  effect  discharges  of  2.3,7,8  TCDD  or  TCDF,  and  that  It  could  perhaps  Increase  total 
organochiorine  discharges.  There  is  no  evidence  that  reducing  brightness  targets  for  to-day's  kraft 
pulp  bleaching  systems  would  be  environmentally  beneficial  beyond  the  modest  saving  in  energy 
Involved. 

If  world  market  requirements  change,  and  emerging  technologies  prove  successful,  then  there 
may  be  some  advantages  in  manufacturing  different  pulps,  perhaps  of  lower  brightness,  but  this  is 
not  likely  to  occur  within  the  time  frame  for  promulgating  and  implementing  the  currently  proposed 
MISA  regulations. 

1.5.4  Sulphite  pulp 

The  sulphite  pulp  mills  in  Ontario  are  all  integrated  with  paper  mills  manufacturing  newsprint  or 
similar  products.  All  are  high  yield,  sodium  based  and  operate  without  recovery  of  spent  cooking 
liquor,  except  for  Spruce  Fails  Power  arxl  Paper  Company  Ltd.  at  Kapuskasing.  Whitewater 
management  is  the  most  significant  control  technique  for  minimizing  the  effluent  discharge. 
Newsprint  mills  in  Western  Canada,  the  US  and  Scandinavia  faced  with  stringent  effluent  discharge 
regulations  have  generally  abandoned  high-yield  sulphite  pulping  in  favour  of  TMP  and  sometimes 
the  purchase  of  small  quantities  of  kraft  pulp. 

1.5.5  Mechanical  pulp 

Mechanical  puip  is  produced  in  all  8  mills  in  the  sulphite  mechanical  sub-sector.  The  process 
generates  effluents  that  are  acutely  lethal  to  fish  and  Daphnia  magna,  and  are  a  major  source  of 
BOD.  The  only  Ontario  mechanical  puip  mill  which  has  a  secondary  effluent  treatment  system 
discharges  a  non-lethal  effluent,  as  do  all  three  mechanical  pulp  mills  in  Alberta.  Some  mechanical 
pulping  processes  operate  without  any  chemical  addition,  but  most  use  some  caustic  and  sodium 
sulphite.  Most  mills  brighten  the  pulp  slightly  with  hydrogen  peroxide  and/or  sodium 
hydros ulphite,  but  none  use  chlorine  compounds  to  improve  brightness.  Whitewater  management 
is  the  most  significant  control  technique  for  minimizing  the  effluent  discharge  at  source. 

1.5.6  Paper  mills 

The  paper  mills  in  Ontario  that  are  not  integrated  with  a  pulp  mill  are  small  and  generally  discharge 
relatively  small  quantities  of  pollutants.  White  water  management  is  the  most  significant  control 
technique  for  minimizing  the  effluent  discharge  at  source. 

1.5.7  Solvent  pulping 

There  are  a  number  of  emerging  or  new  pulping  processes  that  are  promoted  as  being 
environmentally  friendly  by  their  supporters.  This  group  includes  Organocell,  Stake,  Alcell,  Ester, 
ASAM,  Pollution  Free  Process,  Milox  and  Oxygen-Alkali.  Some  of  these  have  been  around  for 
20  years  or  so  while  others  have  just  come  on  the  scene.    None  are  demonstrated  technologies, 
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and  there  ts  no  evidence  of  significant  environmental  advantages  for  those  which  have  reached  the 
continuous  pHot  plant  stage  of  development. 

1.5.8  Zero  eflluent 

it  is  technically  feasible  to  eliminate  the  discharge  of  process  effluents  from  some  types  of  board 
mills. 

For  other  types  of  mills  zero  effluent  will  not  be  technically  feasible  in  the  near  future.  Nevertheless 
a  substantial  reduction  in  effluent  flows  and  discharges  of  contaminants  is  attainal3le  using 
currently  available  technology.  Ck)nsiderable  progress  Uas  been  made  toward  eliminating  process 
effluents,  and  several  emerging  technologies  are  In  the  Industrial  pilot  plant  or  full  scale 
construction  stage.  These  include  freeze  crystallization  and/or  evaporation  of  mechanical  pulping 
effluents,  as  well  as  ozone  delignification  and  hydrogen  peroxide  bleaching  of  kraft  pulp. 

Technology  is  now  emerging  which  will  probably  mal<e  it  feasible  in  the  near  future  to  design  and 
operate  mechianical  pulp  mills  without  disciiarging  any  process  effluents.  The  costs  appear  to  be 
In  the  same  order  as  advanced  biological  treatment,  but  operating  experiences  will  be  required  to 
confirm  feasibility  and  costs.  Operating  data  from  the  zero-effluent  mechanical  pulp  mills  currently 
under  construction  at  Chetwynd,  BC  and  Meadow  Lake,  Saskatchewan,  should  be  availaljle  by 
the  end  of  1992.  if  these  mills  are  successful,  the  currently  proven  effluent  control  technology  for 
mechanical  pulp  mills  could  become  obsolete.  In  view  of  the  Innovative  nature  of  the  above 
mentioned  two  milts,  one  can  expect  that  some  presently  unforeseen  technical  prot>lems  will  have 
to  be  solved.  If  this  technology  is  to  be  applied  to  newsprint  mills,  then  significant  improvements  in 
water  recycle  within  the  paper  machines  would  be  required,  beyond  any  currently  proven  or 
immediately  foreseeable  technology. 


1 .6  Current  Effluent  Characteristics 

Conventional  waste  water  parameters  are  defined  as  biochemical  oxygen  demand  (BOD^),  Total 
Susperxied  Solids  (TSS),  nutrients  (phosphorus  and  nitrogen)  and  toxicity  to  trout  and/or  Daphnia 

magna. 

Many  additional  parameters  are  receiving  Increasing  attention  from  scientists,  irxlustry,  and 
regulatory  agencies.  Organochlorines  (AOX)  and  TCDD/TCDF^\  are  well  known  to  the  media,  and 
the  Ministry's  "Effluent  Monitoring  Priority  Pollutants  List"  (EMPPL)  includes  well  over  100 
substances  considered  environmentally  significant  by  the  Ministry. 

1.6.1  Effluent  flows 

The  flow  of  effluent  from  Ontario  mills  varies  from  approximately  lOto  175  m^/tonne  product. 
Ministry  policy  is  to  encourage  minimal  effluent  flows,  and  the  technology  described  in  this  report 
Is  generally  based  on  reducing  the  larger  flows  to  50  m^/tonne  product.  Lower  values  are  attained 
in  many  mills  outside  Ontario,  but  these  are  either  greenfleld  or  have  worked  for  many  years  to 


"  Popularly  known  as 'Dioxins'. 


September  1 ,  1 991 .  -  20  -  1.6  Current  Effluent  Characteristics 

ItC   ME   rn*:   MIIIPIS.IHK   ■' 


N.  McCubbin  Consultants  Inc. BAT  DefinKlon  Study,  Pulp  and  Papar  Sector 


reduce  flows.  The  authors  do  not  Intend  this  to  t>e  considered  as  a  recommendation  that 
flows  be  limited  to  50  mVtonne  since  this  value  Is  simply  a  tod  for  calculating  rational  and 
technically  sound  values  for  BAT  pollutant  discharge  loadings. 

1.6.2  Priority  pollutants 

The  MISA  mill  effluent  characterization  program  (MISA  1990)  and  preceding  screening  analyses 
determined  the  concentrations  of  135  pollutants  in  the  effluents  of  the  27  miiis  listed  in  Table  3.  The 
first  six  months  of  MISA  monitoring  data  have  been  reviewed  in  detail,  and  comments  on  the 
results  for  each  mill  are  summarized  in  Chapter  4.  The  data  collected  were  analysed  in 
accordance  with  "Procedures  and  Criteria  for  the  Development  of  MISA  Effluent  Limits  Regulations" 
(in  MiSA/iRC  1990),  which  was  in  the  final  stages  of  publication  by  the  Ministry  at  the  time  of 
writing. 

1.6.3  Candidate  parameters  for  control 

Tatrfe  1  below  lists  the  contaminants  that  the  Ministry  of  the  Environment  are  considering  in  the 
development  of  effluent  limits  for  the  MiSA  Puip  and  Paper  Sector.  These  contaminants  have  been 
selected  based  on  the  selection  criteria  outlined  in  the  draft  issue  Resolution  Committee  Report  on 
Limit  Setting  and  Data  Analysis  (MISA/IRC  1990).  Based  on  the  procedures  outlined  in  the  issue 
Resolution  Committee  Reports,  a  contaminant  is  selected  If  the  monitoring  data  show  (at  a  95% 
confidence  level)  that  at  least  10%  of  the  data  are  at  concentrations  greater  than  the  Regulation 
Method  Detection  Level. 

Table  1  also  provides  comments  on  each  parameter  and  the  technologies  that  wiii  reduce  the 
concentration  of  the  parameter  in  mill  effluent.  The  right  hand  columns  of  the  table  show  the 
sub-sector  in  which  the  parameters  were  detected. 

It  should  be  noted  that  the  Ministry  will  make  the  final  selection  of  the  parameters  to  be 
regulated.  Table  1  was  developed  by  the  authors  to  provide  focus  for  the  subsequent  analysis  In 
this  report  of  the  technologies  for  effluent  control. 

This  report  addresses  the  control  of  discharges  of  these  contaminants  in  some  detail,  and  very 
brief  comments  are  summarized  in  the  tatjie.  Most  of  these  variables  are  discussed  In  further  detail 
In  Chapter  4.  in  many  cases,  the  control  technology  for  one  member  of  a  chemical  group  is  quite 
well  known,  and  is  predictable.  Reducing  the  well  known  substance  will  normally  reduce 
discharges  of  similar  substances. 
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BAT  Definition  Study.  Pulp  and  Paper  Sector 

Tablv  1  U«S  of  candidate  parameters  for  control 

ATG                 VartaM*                                                          Commwrta 

MW  Sub- 
Sector 

General  waste  water  variables,  discussed  on  page  113 

01         COD 


04a      Amnrwnia  plus 
Ammonium 


04a       Total  K]eldahl  Nitrogen 
04b       Nluate  +  Nitrite 


05a 

Dissolved  Organic 

Carbon  (DOC) 

06 

Total  phosphorus 

07 

Specific  Conductance 

08 

Total  Suspended  Solids 

(TSS) 

oe 

Volatile  Suspended 

SolidB 

Biological  treatment  removes  up  to  approx  40%.  Internal 
measures  are  generally  more  efficient  in  reducing  COD. 
Must  often  be  added  to  biological  treatment  plants  In  the  pulp 
and  paper  industry  for  maximum  BOD  removal  efficiency.  Excess 
controlled  by  treatment  plant  operation.  Free  ammonia  is  very 
toxic  to  fish.  Generally,  ammonia  Is  of  no  concem  below  pH  8. 
Reduced  by  biological  treatment.  hJormaiiy  about  6%  of  It  Is  very 
persistent  and  not  available  to  algae. 

Probably  a  non-lsaua  in  pulp  mill  effluents,  because  pulp  mill 
effluent  treatment  plants  have  limited  nitrogen  salts.  Can  be 
reduced  to  atmospheric  nitrogen  in  anoxic  zones  of  a  biological 
treatment  plant. 
As  for  COD. 

Must  be  added  to  biological  treatment  plants  for  maximum  BOD 
removal  efficiency.  Excessive  concentrations  can  causa 
eutrophication  of  receiving  waters 

Should  generally  be  high  on  pulp  mill  effluents.  Low  conductivity 
indicates  potential  for  a  successful  water  conservation  program. 
Depends  strongly  on  biological  system's  performance. 

Oosely  related  to  TSS.  Can  be  lower  than  TSS  for  paper  mills 
discharging  fillers  (clay). 


Other  variables,  discussed  on  pages  114  and  123 


PP1     BOD5 


PP2      Adsorbable  Organic 
Halogen  (AOX) 


BOD  is  a  measure  of  the  oxygen  consumed  in  a  sample  over  a  5- 
day  period  by  the  action  of  microorganisms.  Reduced  in 
biological  treatment  plants.  Can  be  of  importance  for  discharges 
to  receiving  waters  that  are  vulnerable  to  oxygen  depletion. 
Formed  after  use  of  chlorine  chemicals  in  pulp  bleaching.  A 
major  fraction  of  AOX  consists  of  chemically  unstable  or  readily 
biodegradable  materials,  which  are  easily  mineralized  in  any 
biological  treatment  plant,  fi^terials  which  are  not  mineralized 
during  biological  treatment  are  more  persistent  in  the 
environment.  Approx.  0.1%  of  AOX  is  bioaccumulative. 


K  M  C  D 

K  M  C  D 

K  M  C  D 

K  M  C  D 

K  M  C  D 

K  M  C  D 

K  M  C  D 

K  M  C  D 

K  M  C  D 

K  M  C  0 


In  Mill  Sub-sector  column,  K- 
Sector. 

(Table  continues  next  page) 


Kraft,  M  =  Sulphite-mechanical,  C=Corrugating,  D=Deinking/board/fine  papers/tissue 
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N.  McCubbin  Consultants  Inc. 

BAT  Definition  Study,  Pulp  and  Paper  Sector 

Utt  of  candidate  parameters  for  control  (conttnumd) 

ATG                 VarlaM*                                                          ComnMnU 

Mill  Sub- 
SMtor 

Metalt,  discussed  on  page  137 


09 

Aluminum 

09 

Cadmium 

09 

Chromium 

09 

Cobatt 

09 

Copper 

09 


Lead 


Routinely  used  to  reduce  COD,  AOX  and  toxicity  o1  effluents. 

Precipitates  with  phosphate  or  sulphide. 

Found  up  to  140  WJ/L.  Approximately  70%  removed  in  AST 

treatment,  less  in  ASB 

Found  up  to  300  fig/L.  Approximately  75%  removed  in  AST 

treatment,  less  in  ASB 

Found  up  to  70  fig/L.  Approximately  40%  removed  in  AST 

treatment,  less  in  ASB 

Copper  salts  are  generally  used  in  wood  preservatives,  fungicides 

and  toxic  pigments  in  antrfouting  agents.  Common  in  raw  water. 

Very  toxic  to  fish. 

Found  up  to  290  M9/I-  Approximately  70%  removed  in  AST 

treatment,  less  in  ASB. 

Found  up  to  50  /xg/L.  Some  removal  in  biological  treatment 


K     M     C     D 

C 
K  CD 

c 

K     M     C     D 


09 

Molybdenum 

09 

Nickel 

00 

Thallium 

09 

Vanadium 

09 

2nc 

12         Mercury 


15        Sulphide 


Found  up  to  60  ^g/L  Approximately  10%  removed  in  AST 

treatment,  less  in  ASB 

Found  up  to  160  fig/t.  Approximately  40%  removed  in  AST 

treatment,  less  In  ASB. 

Found  up  to  40  ^g/L.  Approximately  75%  removed  in  AST 

treatment,  less  in  ASB. 

Found  up  to  140  fig/L.  Approximately  70%  removed  in  AST 

treatment,  less  In  ASB. 

Not  used  in  Ontario  mills.  Toxic  in  higher  concentrations. 

Essential  for  synthesizing  certain  co-enzymes.  Human  uses  as  a 

nutrient  and  In  creams.  Precipitates  with  phosphates  or  sulphide. 

Found  up  to  1600  ^/L.  Approximately  70%  removed  in  AST 

treatment,  less  in  ASB. 

Found  up  to  3/xg/L..  Average  0.1 /xg/L    Probably  background 

concentrations.  Not  used  in  Ontario  mills.  Prior  to  1970  mercury 

compounds  were  used  as  slimicides  in  Whitewater  systems. 

Very  toxic  to  aerobic  life  such  as  fish  and  crustaceans.  Efficiently 

oxidized  to  sulphate  in  aerobic  treatment.  Precipitates  many 

heavy  metals. 


K  C 

K  C 

K  C 

K  C 

K  M     C     D 


In  Mill  Sub-sector  column,  K=  Kraft,  M  =  Sulphite-mechanical,  C  =  Corrugatlng,  D  =  Deinking/board/fine  papers  tissue 
Sector 


(Table  continues  next  page) 
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BAT  Detinition  Study,  Pulp  and  Paper  Sector 

Ust  of  candidate  parameters  for  control  (continued) 

ATG                 Variable                                                           Commwrts 

MHI  Sub- 
Sector 

Chlorinated  methanes,  discussed  on  page  129 


16 

1 , 1  -Dichloroethane 

16 

1,1-Dichloroethylene 

16 

1 ,2-Dichloroethane 

16 

Bromodichloromethane 

16 

Chtofomethane 

16 

Dtbfomochloro- 

methane 

16 

Dtchloromethane 

(Methylane  Chloride) 

16 

Trichtoromethane 

(Chlorotorm) 

16 

Trichloroethytene 

16 

Tetrachloroethylene 

No  comments. 

No  comments. 

No  comments. 

Formed  by  the  same  mechanisms  as  chloroform  when  trace 

amount  of  bromine  Is  present  In  the  chlorine  gas,  or  by  bromide 

chloride  substitution  of  chloroform  if  aqueous  bromide  is  present. 

No  comments. 

No  comments. 

Believed  to  be  laboratory  contamination  of  samples.  Any 
dichloromethane  formed  would  be  purged  to  the  air  during 
aeration  in  biological  treatment  plants 
Formed  in  kraft  bleach  plant  chlorination  and,  principally,  in 
hypochlorination  stages.  Purged  to  the  air  during  aeration  in 
biological  treatment  plants.  Hypochlorite  bleaching  Is  steadily 
being  eliminated  in  Ontario  mills. 
No  comments. 
No  comments. 


D 
0 

KM  D 

KM  D 


M 


KM  D 


K    M    C     D 


17 


Aromatic  hydrocarbons,  discussed  on  page  122. 


Benzene 


17 

Toluene 

17 

m-Xylene  and 

p-Xylene 

17 

o-Xylene 

17 

Styrene 

These  could  originate  from  gasoline  and  light  crude  oil  sources. 
Partly  degradable  in  and/or  stripped  in  biological  treatment,  but 
is  better  controlled  by  minimizing  petrochemical  spills. 
Same  as  for  benzene.  Often  used  as  a  cleaning  solvent. 
Same  as  for  tienzene.  Often  used  as  a  cleaning  solvent. 

Same  as  for  benzene.  Often  used  as  a  cleaning  solvent. 
Same  as  for  benzene.  Used  as  a  raw  material  tor  the 
manufacturing  of  polystyrene  foam. 


K    M 


K     M 

D 

0 

M 

D 

K     M 

In  Mill  Sub-sector  column,  K=  Kraft,  M  =  Sulphite-mechanical.  C=Corrugating,  D  =  Deinking/board/fine  papers/tissue 
Sector 


(Tab/s  continues  next  page) 
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N.  McCubbin  Consultants  Inc. 

BAT  Definition  Study,  Pulp  and  Paper  Sector 

List  of  candidate  parameters  for  control  (continued) 

ATQ                 Varlabto                                                          Commants 

MlllSub- 
Smctor 

19 

19 


Polyaromatic  hydrocarbons,  discussed  on  page  122 


^4aphthalene 
2-niethyl-naphthalene 


19         Oibanz(a,h)anthracene 


19 

Phenanthrane 

19 

Acenaphthylene 

19 

Chrysene 

19 

Ruoranthene 

19 

Benzo(k)ftuoranthene 

19 

Pyrene 

19 

Benzo(g,h,i)perylene 

19 

Camphene 

Polyaromatic  hydrocartrans  (PAH)  originate  from  crude  oil 
or  incineration  processes.  They  are  widespread  In  the 
environment  and  possibly  also  in  pulp  mill  effluents, 
although  their  source  of  origin  could  be  elsewhere.  These 
compounds  are  generally  bioaccumulative  and 
highly  toxic.  Environmental  exposure  should  be 
minimized.  Minimizing  their  presence  specifically  in  pulp  mill 
effluents  may  not  be  the  most  cost-effective  way 
of  reducing  environmental  exposure. 

One  possible  source  could  be  oil  based  defoamers  of  other  oil- 
based  additives. 


A  normal  constituent  of  wood  extractives.  Quite  persistent  in 
biological  treatment. 


Phenolics,  discussed  on  page  129 


20  2,3,5-Trichlorophenol 

20  2,4,6-Trichtorophenol 

20  2,4-Dichlorophenol 

20  m-Cresol 

20  o-Cresol 

20  p-Cresol 

20  Pentachlorophenol 

20  Phenol 


Could  originate  from  wood  preservative  formulations.  Cannot  be 

made  from  direct  chlorination  of  lignin  precursors,  3  and  5  chloro 

substituted  phenols  are  more  persistent  in  biological  treatment. 

Originate  from  C-stages.  Washed  out  at  the  E-stage.  Eliminated 

by  O-stages  and  low  chlorine  multiples. 

Originate  from  C-stages.  Washed  out  at  the  E-stage.  Reduced  In 

biological  treatment. 

Possibly  from  coal  tar  dyes. 

Possibly  a  petrochemical  origin.  Reduced  40%-75%  in 

biological  treatment,  but  spills  control  of  petrochemicals  may  be  a 

more  effective  control  measure. 

A  common  constituent  in  black  liquor  as  well  as  in 
petrochemicals.  Phenol  is  readily  degradable  and  Is  digested  in 
biological  treatment  plants. 


K     M 


K     M 


K 

K 

K 

K 

K 

M 

K 

K 

M 

K 

M 

K 

K 

K 

M            D 

K 

c 

K 

M            D 

D 

K 

M     C     D 

In  Mill  Sub-sector  column,  K=  Kraft,  M  =  Sulphlte-mechanical,  C  =  Corrugating,  D  =  DeJnking/board/frne  papers/tissue 
Sector.  (Table  continues  next  page) 
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N.  McCubbin  Consuftants  inc. 

BAT  Definition  Study,  Pulp  and  Papsr  Sector 

List  of  candidate  parameters  for  control  (continued) 

ATQ                 VarlabU                                                           ComnMnts 

Mill  Sub- 
SMtor 

Chlorinated  lipophilics,  discussed  on  page  137 


23 

1 ,2,3,4-Tetrach(oro- 

benzene 

23 

1,2.3,5-Tetrachloro- 

benzene 

23 

1,2,4,5-T8traehloro- 

benzene 

23 

1 ,2,3-Trtchlorobenzene 

23 

1 ,2,4-TrichlofObenzene 

23 

2,4,5-Trichlorototuene 

23 

Pentadilorobenzene 

23 


23 


23 


23 
23 


Hexachlorobenzene 


hiexachiorobutadiene 


HexachlorocycIO" 
pentadiene 


Hexachloroethane 
Octach  iorostyrene 


Chlorobenzenes  are  mainly  used  as  dye  carriers  in  the  textile  K 

industry.  Other  uses  Include  as  intermediates  in 

herbicide  manufacturing,  dielectric  fluid,  heat  transfer  medium,  K 

degreasing  agents,  septic  tanks,  wood 

preservatives  and  abrasive  formulations  (hydraulic  oil).  K    M 

Chlorobenzenes  resist  biological  treatment  unless 

•specially  adapted  activated  sludge  is  used,  and  they  tend  to  KM 

accumulate  in  aquatic  biota.  Except  for  a  possible 

minor  use  as  an  abrasive  agent  there  should  be  no  obvious  K    M 

source  of  chlorobenzenes  in  pulp  mill  effluents. 

They  are  not  formed  by  chlorination  in  the  bleach  plant.  K    M 

Therefore,  chiorotwnzenes  are  most  effectively  controlled  at  their 
source,  i.e.  the  chemical  industry. 

Hexachlorobenzene  has  a  number  of  different  applicatiors  in  K 

organic  synthesis,  ft  is  much  more  persistent  and  toxic  than  the 
lower  homologues.  May  associate  with  bio-sludge. 
Used  as  a  solvent  for  rubber,  in  transformers,  in  hydraulic  oil,  and  K 

as  a  degreasing  agent.  Widely  distributed  in  the  environment, 
bioaccumuiating  and  toxic  to  aquatic  life.  Biological  treatment 
plants  are  normally  able  to  degrade  hexachlorobutadiene 
Used  as  a  flame  protection  agent,  but  has  other  uses  such  as  in  K 

the  manufacturing  of  resins.  Bioaccumuiating  and  highly  acute 
toxic  towards  fish,  especially  larvae.  May  associate  with  bio- 
sludge. 

No  comments.  K 

No  comments,  K 


in  Mill 
Sector. 


Sub-sector  column,  K=  Kratt,  M  =  Sulphite-mechanical,  C  =  Corrugating,  D=Deinking/board/fine  papers/tissue 


(Tab/e  continues  next  page) 
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List  of  candidate  parameters  for  control  (continued) 

ATG                   Vartabta                                                                Comnwnta 

Mill  Sub- 
Sector 

24 


Dioxins  and  furans, 

2,3,7,8  TCDD 


24 

Octachlorodibenzo-p 

dioxin 

24 

Octach  lorod  j  ban  zo- 

furan 

24 

Total  H6CDD 

24 

Total  H6CDF 

24 

Total  H7CDD 

24 

Total  H7CDF 

24 

Total  PCDD 

24 

Total  PCDF 

24 

Total  TCDD 

24 

Total  TCDF 

discussed  on  page  133 

PCDD/PCDF  appear  to  be  formed  almost  entirely  in  the  first  C/D- 
stage.  The  actual  amounts  of  PCDD/PCDF  formed 
depend  on  the  concentration  of  molecular  chlorine  in  this  stage 
and  the  concentration  of  DBD  and  DBF  precursors  in  the 
brown  stock.  The  chlorination  factor  appears  to  be  the  more 
important  of  the  two. 


During  biological  treatment  PCDD/PCDFs  are  associated 
with  the  sludge  phase. 

Dechlorination  of  highly  chlorinated  organics  takes  place  more 
easily  under  anaerobic  conditions  i.e.  in  the  sludge. 

PCDD/PCDF  was  also  found  in  Ontario  mills  that  have  no  bleach 
plant  operation.  There  is  no  known  control  technology  for  these 
non-kraft  mills. 


Resin  and  fatty  acids,  discussed  on  page  120 


26 

Abietic  Acid 

26 

Chlorodehydroabietic 

Acid 

26 

Dehydroabietic  Acid 

26 

Isopimaric  Acid 

26 

Levopimaric  Acid 

26 

Neoabietic  Acid 

26 

Pimaric  Acid 

26 

Oleic  Acid 

PP3 

Dichlorodehydroabietic 

Acid 

Resin  acids  are  naturally  occurring  compounds  in  wood 
resins,  particularly  in  pine  and  spruce.  Released  during 
mechanical  and  kraft  pulping.  Very  toxic  to  fish  and  the 
most  frequent  reason  for  a  pulp  and  paper  mill  effluent  sample 
failing  toxicity  testing.  Substantial  amounts  in  kraft  mill  effluents 
indicate  soap  spills  or  black  liquor  carry-over  from  the 
evaporators.  Reduced  by  spills  control  and  biological 
treatment. 

This  is  a  fatty  acid.  However,  the  discussion  on  resin  acids 

applies. 

Controlled  by  either  reducing  black  liquor  carry-over  to  the  bleach 

plant  and/or  reducing  the  chlorine  multiple  at  the  C-stage.  Refer 

to  resin  acid  discussion.  More  persistent  in  biological  treatment. 


K 

M 

C 

D 

K 

M 

C 

K 

C 

K 

D 

K 

C 

K 

C 

K 

K 

K 

K 

C 

0 

K  M  C  D 

K  M  C  D 

K  M  C  D 

K  M  C  D 

K  M  C  D 

K  M  C  D 

K  M  C  D 

K  M  C  D 

K 


In  Mill  Sub-sector  column,  K=  Kraft,  M  =  Sulphite-mechanical,  C=Corrugating,  D  =  Deinking/board/fine  papers/tissue 
Sector 


1.7  Attainable  Effluent  Characteristics 


1.7.1  Conventional  pollutants 


Technically  proven  In-plant  process  modifications  to  reduce  effluent  discharges  at  source  in 
combination  with  widely  used  external  treatment  processes  can  reduce  waste  water  discharges  to 
the  levels  shown  In  Table  2.  Table  27  on  page  214  presents  the  maxima  recorded  In  several  of  the 
plants  that  served  as  the  basis  for  calculation  of  the  data  in  Table  2. 
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The  effluent  from  an  acttvated  sludge  treatment  (AST)  system  can  be  expected  to  be  better  than 
that  from  an  aerated  stabilization  basin  in  most  respects.  These  data  do  not  provide  any  indication 
of  the  solid  waste  disposal  problem  that  AST  creates,  nor  the  extensive  land  requirements  for  an 
ASB,  although  both  factors  would  be  important  in  assessing  the  environmental  benefits  of  these 
two  external  treatment  processes,  one  or  other  of  which  is  used  in  virtually  all  pulp  and  paper 
industry  effluent  treatments  systems  worldwide. 

Table  2  Attainable  loadings  for  TSS,  BOD,  P  arnl  N  with  ASB  and  AST  processes 

Aerated  stabilization  basin  Activated  sludge  treatment 

LTA      AVG„    AVG3,    MAXg,  LTA      AVG^    AVG3,    MAX^^ 


TSS  2.3        2.25       2.75        3.5  1.05         1.0  1.5         2.0 

BOD  1.05         1.0  1.5         2.5  0.55        0.5         0.75        1.25 

Total  phosphorus  0.04        0.04        0.05       0.075  0.04        0.04        0.05         0. 1 

Total  Kjeldahl  Nitrogen       0.45       0.45        0.5         0.9 0.5         0.5         0.6         1.0 

Data  are  shown  as  kg/tonne  product,  calculated  as  (dally  discharge) /(average  production  rate). 

AVG30  (30  days  rolling  average)  ^^^qs  (Annual  95  percentile  average)         MA)^  (Maximum  day,  95th  percentile) 

If  a  tertiary  treatment  system  using  chemically  assisted  coagulation  or  granular  media  filtration, 
were  added  to  an  activated  sludge  system,  then  the  effluent  quality  could  be  further  improved. 
TSS  and  nutrient  discharges  could  be  reduced  by  50%,  and  BOD  by  25%.  Neither  of  these  tertiary 
treatment  processes  could  be  expected  to  improve  ASB  effluent  significantly. 

1.7.2  Discharges  of  nutrients 

Nutrients  (phosphorus  and  nitrogen)  are  of  increasing  concern,  particularly  in  the  Great  Lakes 
Basin.  Phosphorus  is  generally  considered  to  be  the  more  important  in  Ontario. 

Phosphorus  presents  a  dilemma  to  regulators  of  the  Ontario  pulp  and  paper  industry.  It  seems  to 
be  generally  agreed  that  most  receiving  waters  in  Ontario  would  benefit  from  reductions  in 
phosphorus  input,  while  the  addition  of  the  biological  effluent  treatment  plants  which  can  reduce 
BOD  and  other  pollutants  so  efficiently  can  result  in  increased  discharges  of  phosphorus.  The 
alternative  technology  trains  evaluated  in  this  report  all  incorporate  biological  treatment,  since  it  is 
by  far  the  most  efficient  way  of  reducing  the  end-of-pipe  discharges  of  BOD,  and  acute  lethality  to 
fish  and  Daphnia  magna.  Examination  of  the  environmental  trade-off  between  these  latter 
parameters  and  nutrient  effects  can  only  be  underta(<en  by  consideration  of  receiving  waters. 

An  aerated  stabilization  basin  can  operate  without  addition  of  nutrients,  so  would  not  add  any  to 
the  receiving  waters  beyond  the  quantities  naturally  present  in  the  untreated  effluent.  It  is  generally 
accepted  that  an  ASB  operating  without  these  additional  nutrients  will  be  somewhat  less  efficient 
than  one  with  nutrient  addition.  However,  the  data  on  performance  of  the  Hinton  and  Peace  River 
bleached  kraft  mills,  both  of  which  have  ASB  systems,  are  quite  similar,  although  Hinton  did  not 
add  phosphorus  during  the  1990/early  1991  period,  while  the  Peace  River  mill  dW  so. 
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1.7.3  Adsorbable  organic  halogen  (AOX) 

Discharges  of  organochlorlnes,  as  measured  by  the  AOX  procedure,  occur  only  from  mills 
bleaching  pulp  with  chlorine  and  chlorine  compounds.  Discharges  from  mills  In  Ontario  are 
generally  reported  in  terms  of  kg  of  AOX  per  tonne  bleached  pulp  manufactured,  although  6  of  the 
9  mills  In  the  kraft  sub-sector  manufacture  other  paper  products  on  the  same  site,  and  share  the 
same  effluent  treatment  and  disposal  systems.  Discharges  In  the  Ontario  mills  during  the  first  six 
months  of  1990  ranged  from  1  kg/tonne  bleached  pulp  at  E.B.  Eddy,  Espanda.  to  7  kg/tonne 
bleached  pulp. 

1.7.4  Polychlorinated  dioxins  and  furans  from  kraft  mills 

2,3,7,8  TCDD  was  found  in  two  Ontario  mills  in  the  first  six  months  of  MiSA  monitoring.  James 
River,  Marathon,  had  9  and  13^g/tonne  in  two  samples,  non-detect  in  the  other  four  samples. 
Kimberly-Clark  at  Terrace  Bay  had  1.8  and  2.5Mg/tonne,  with  no  detectable  2,3,7,8  TCDD  in  the 
four  other  tests  In  the  period.  In  the  USEPA  "104  mill"  study  to  determine  TCDD/TCDF  emissions 
from  the  104  chemical  {mostly  kraft)  pulp  mills  in  the  US  which  use  chlorine  bleaching,  three 
quarters  had  detectable  TCDD  in  the  effluent.  About  a  quart:er  of  the  mills  discharged  higher 
quantities  of  TCDD  per  tonne  pulp  than  the  highest  value  found  at  Marathon.  It  Is  prottable  that  the 
non-detectable  status  of  TCDD  discharges  in  most  Ontario  kraft  mills  reflects  the  extensive  efforts 
made  by  most  North  American  mills  since  1988  to  reduce  dioxin,  rather  than  a  geographical 
difference. 

In  eariy  1991  a  new  bleaching  system  was  commissioned  at  the  Marathon  mill  which  has  almost 
certainly  eliminated  detectable  quantities  of  TCDD  from  the  mill's  effluent.  Kimberiy-Clark  in 
Terrace  Bay  is  the  only  other  mill  where  2,3,7,8-TCDD  was  found.  The  rest  of  the  mills  had 
occasional  samples  containing  PCDFs  or  octachlorodibenzo-p-dioxin  (OCDD),  the  least  toxic 
isomer.  As  discussed  elsewhere  in  this  report,  the  technology  of  reducing  the  PCDD/PCDFs  in 
kraft  mill  effluent  below  detection  levels  is  well  developed. 

1.7.5  Polychlorinated  dioxins  and  furans  from  non-kraft  mills 

Mills  without  molecular  chlorine  bleaching  operations  would  not  be  expected  to  have  detectable 
quantities  of  PCDD/PCDF  in  their  effluents,  except  perhaps  for  the  ubiquitous  and  relatively  benign 
octa-chlorinated  homologues.  This  is  the  case  for  Ontario  non-kraft  mills,  i.e.  no  2,3,7,8-TCDD  has 
been  reported,  However,  occasionally  samples  have  been  reported  with  contents  of  PCDD/PCDF. 
A  few  of  the  other  mills  occasionally  show  contents  of  OCDD/OCDF  in  particular,  but  again  at  very 
low  levels  as  compared  to  the  study  of  104  US  mills  mentioned  above.  In  contrast  to  the  kraft  mills, 
there  has  been  little  attention  paid  by  researchers  to  eliminating  these  substances  from  non-kraft 
effluents.  This  is  perhaps  because  the  amounts  fourxJ  are  considered  trivial  by  many  scientists, 
and  are  certainty  insignificant  If  evaluated  under  the  USEPA  toxicity  equivalent  scale. 

The  authors  had  to  conclude  that  there  is  no  proven  technology  available  for  control  of 
discharges  of  dioxins  from  non-kraft  mills. 
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1.7.6  Equivalent  toxicity  of  dioxins 

The  "dioxins"  frequently  referred  to  In  the  popular  media  are  a  very  few  members  of  the 
polycNorinated  dioxin  arxJ  furan  families  of  chemicals.  Some  of  these  are  extremely  toxic,  while 
others  are  quite  benign,  so  It  would  be  misleading  to  simply  add  the  concentrations  of  each 
pdychlorinated  dioxin  four>d  In  an  effluent  sample  and  consider  this  total  to  represent  the  toxicity 
or  environmental  significance  of  the  effluent.  To  overcome  this  prot)lem,  toxicdogists  have 
developed  weighting  factors  or  Toxicity  EQulvalents  (TEQ)  for  each,  to  express  toxicity  in  terms  of 
the  most  toxic  member  of  the  families,  2,3,7,8  TCDD.  Unfortunately,  there  is  not  complete 
agreement  between  scientists  on  the  exact  values  for  TEQ  for  all  substances. 

There  are  four  similar  sets  of  TEQ's  relevant  to  pulp  and  paper  industry  effluents,  Eadon,  NATO, 
USEPA  arxl  Nordic  as  shown  in  the  table  on  page  134.  The  Ministry  presently  accepts  the  NATO 
scale.  There  is  a  critical  difference  between  the  Eadon  and  USEPA  equivalency  factors  on  the  one 
hand,  and  the  NATO  and  Nordic  on  the  other.  The  Octa-chlorlnated  dioxins  and  furans  are 
considered  to  have  zero  toxic  equivalents  in  the  former  scales,  but  to  be  equivalent  to  one 
thousandth  of  TCDD  In  the  latter.  The  Octa  homologues  were  the  principal  dioxins/furans  found  in 
the  non-kraft  mills  in  the  1990  MISA  monitoring  program,  so  it  is  apparent  that  the  extent  of 
resources  to  be  dedicated  to  solving  this  problem  (if  it  Is  indeed  a  problem)  depends  on  which 
TEQ  scale  is  considered  the  most  reliable. 

Specific  organochlorine  compounds 

Miscellaneous  details  on  many  of  the  other  organochlorines  mentioned  in  Table  1  are  provided  in 
the  body  of  the  report  and  the  apperwiices,  but  do  not  lend  themselves  to  simple  summary. 

1.7.7  Metals 

Metals  cannot  be  destroyed,  only  redistributed  in  the  environment.  Biological  treatment  systems 
inevitably  remove  some  proportion  of  metals  from  the  effluent  stream  being  treated.  Analysis  of 
whether  this  Is  environmentally  desirable  or  not  is  t>eyond  the  scope  of  the  present  report. 
Generally,  activated  sludge  systems  will  remove  over  half  the  metals  in  an  effluent  stream, 
concentrating  them  in  the  waste  sludge.  Chemically  assisted  coagulation  will  remove  some 
proportion  of  the  metals,  also  concentrating  them  in  the  waste  sludge.  Aerated  stabilization  basins 
have  less  effect. 
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1.7.8  Sub-lethal  toxictty 

Sub-lethal  toxicity  in  biologically  treated  effluents  is  largely  due  to  non-biodegradable  substances. 
Effluent  control  measures  whicii  reduce  the  discharge  of  organlcs  by  recovery  and  incineration,  or 
by  avoiding  their  generation  by  modification  of  the  production  processes,  can  therefore  be 
expected  to  reduce  sub-lethal  toxicity  more  effectively  than  those  that  rely  prinriarily  on  biological 
treatment.  The  range  of  technologies  available  for  kraft  mills  includes  some  where  most  of  the 
reduction  of  discharges  of  organic  substances  Is  by  biological  treatment,  and  others  where  some 
of  the  BOD  removal  Is  accomplished  by  increased  recovery  and  incirieration  of  black  liquor  solids, 
and/or  bleaching  residues.  Although  both  these  approaches  may  reduce  BOD  equally,  the 
reduction  In  sub-lethal  toxicity  will  generally  be  less  in  the  processes  which  rely  principally  on 
biological  treatment. 

The  possibilities  for  recovering  and  Incinerating  toxic  substances  are  limited  In  the  non-kraft 
sub-sectors  if  currently  demonstrated  technology  only  is  conskJered.  These  mills  currently 
discharge  relatively  little  non-biodegradable  material.  If  the  two  effluent  free  mills  currently  under 
construction  In  Western  Canada  prove  to  be  successful,  then  elimination  of  at  least  90%  of 
non-biodegradable  toxic  substances  will  become  technically  feasit)le  for  mills  in  the 
sulphite/mechanical  sub-sector. 


1.8  Effluent  Discharge  Control  Technologies 

1.8.1  Control  at  source  vs  external  effluent  treatment 

Control  technologies  can  be  divWed  Into  those  which  control  discharges  at  source  and  external 
treatment  technologies.  In  this  report  a  distinction  has  been  made  between  demonstrated 
technologies  that  have  a  record  of  excellent  full  scale  performance  and  emerging  technologies  that 
are  new  techniques  which  appear  technically  promising  on  the  t>asls  of  pilot  plant  or  full  scale 
trials.  In  general  it  would  be  premature  to  assess  the  economics  of  these  emerging  technologies, 
since  costs  cannot  yet  be  predicted  with  any  certainty. 

There  is  a  wWe  range  of  proven  technology  to  reduce  effluent  discharges  from  pulp  and  paper 
mills  at  their  sources,  instead  of  treating  contaminated  effluents.  While  these  in-plant  approaches 
have  been  used  extensively,  many  proven  methods  have  not  yet  been  fully  exploited,  and  current 
research  will  undoubtedly  lead  to  the  development  of  more  advanced  processes  for  manufacture 
without  generating  poiiutants.  "Reduction  at  source"  is  generally  known  In  the  pulp  and  paper  field, 
as  "in-plant  control". 

The  greatest  single  advantage  of  in-plant  processes  for  discharge  prevention  Is  that  much  of 
the  technology  reduces  or  eliminates  generation  and/or  release  of  the  persistent  substances 
which  the  natural  ecosystem  cannot  destroy  or  assimilate  effectively.  In  contrast,  the 
conventional  biological  secondary  treatment  processes  are  most  efficient  in  removing  the 
substances  that  the  natural  ecosystem  can  usually  assimilate  and  use  quite  well,  and  are 
relatively  inefficient  in  treating  the  persistent  substances. 

Some  processes  for  discharge  prevention  at  source  are  more  economically  attractive  than  external 
treatment,  but  many  of  these  that  are  actually  profitable  are  already  implemented.    Many  of  the 
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In-plant  processes  result  in  higher  costs  per  unit  of  conventional  poliutants  (especiaiiy  BOD) 
treated  than  traditional  bidogicai  treatment.  However  they  may  be  more  cost  effective,  or  the  only 
available  technology,  In  avoiding  discharges  of  the  persistent  and  bioaccumuiatlve  substances. 

The  principal  technical  advantage  of  external  treatment  Is  that  there  is  no  danger  of  adversely 
affecting  product  quality. 

1.8.2  Basis  for  selection  of  technology 

A  technology  w^as  considered  demonstrated  if  data  were  available  which  could  be  used  to  predict 
Its  reliability  and  performance.  Demonstrated  technologies  were  selected  from  the  range  of 
available  technologies  using  the  following  criteria: 

Utilized  in  the  pulp  arxl  paper  industry,  or  In  similar  applications  producing  comparable 

effluents 
Practicality  of  retrofitting  into  at  least  some  of  the  existing  facilities 
Preferat>ly  in  commercial  use  for  a  significant  time,  generally  one  year 
Design/sizing  and  costing  information  was  availal^le  or  could  be  developed 
Bench  or  pilot-scale  technology  was  considered  in  some  cases  of  special  interest. 

(Note  that  cost  was  not  a  criteria.   This  will  be  addressed  in  the  subsequent 
economic  achievability  analysis  report  to  be  prepared  by  the  Ministry). 

The  process  of  selecting  BAT  options  from  the  list  of  demonstrated  technologies  considered  the 
following  features,  listed  in  approximate  declining  order  of  significance: 

Ability  to  remove  persistent  contaminants 

Non-lethal  to  trout  and  Daphnia  magna 

Effective  use  of  recycling,  re-use  and  reduction,  and  smallest  transfer  to  other  media 

Reduction  of  AOX  in  effluents  from  bleached  l<raft  mills 

Water  conservation. 

It  was  assumed  that  the  mill  would  not  modify  the  production  rates  or  product  mix  when  selecting 
applicaiale  technology,  although  this  could  be  a  viable  option  for  some  mills  to  comply  with 
whatever  regulations  are  ultimately  adopted. 

1.8.3  Discharge  prevention  at  source 

Many  of  the  pulp  and  paper  manufacturing  processes  used  in  Ontario  can  be  modified  to  reduce 
effluent  discharges  at  the  source.  This  usually  results  in  a  reduced  consumption  of  energy  and  raw 
materials  and  generation  of  solid  wastes,  and  a  reduction  in  the  capacity  of  any  need  for  external 
effluent  treatment  systems  that  are  required.  Known  by  various  names  including  'Pollution 
Prevention  at  Source",  "In-plant  Control"  and  "Process  Modifications",  these  technologies  are 
particularly  well  developed  for  the  l<raft  process  which  is  one  of  the  two  principal  sources  of 
effluent  In  the  Ontario  pulp  and  paper  industry. 

The  technology  discussed  for  the  kraft  and  corrugating  sub-sectors  Incorporates  extensive 
measures  for  prevention  of  discharges  at  source,  prior  to  external  effluent  treatment  These 
sub-sectors  (end  themselves  best  to  such  an  approach,  and  much  of  the  successful  research  and 
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devetopment  in  the  field  of  effluent  discharge  prevention  at  source  has  been  directed  toward  the 
kraft  sub-sector. 

All  types  of  mills  can  reduce  effluent  flows  to  below  50  m^ /tonne  product.  This  will  reduce 
discharges  of  many  pollutants  by  a  small  amount.  The  prime  significance  is  that  the  minimum 
concentrations  of  BOD,  TSS  and  many  other  contaminants  attainable  In  the  proven  effluent 
treatment  processes  reach  a  "floor",  so  that  flows  must  be  minimized  If  minimum  effluent 
discfiarges  of  these  parameters  are  to  be  attained.  Design  and  n^nagement  of  the  Whitewater 
system  play  a  major  part  in  controlling  effluent  flows,  and  the  In-plant  modtfications  mentioned 
below  for  specific  pulping  processes  generally  result  In  concurrent  flow  reductions. 

Technology  available  for  control  of  effluent  parameters  other  tfian  flow  is  dependent  on  the 
manufacturing  process  used.  For  kraft  mills  the  best  available  technology  for  reduction  of  effluent 
discharges  at  source  would  be  dry  det>arking,  chip  screening  by  thickness,  extended  cooking  In 
the  digester,  high-efficiency  pulp  washing,  oxygen  deiignlficatlon,  and  partial  or  complete 
substitution  of  chlorine  by  chlorine  dioxHe  in  bleaching^^  por  the  sulphite /mechanical  sub-sector 
the  choice  is  limited  to  replacement  of  the  sulphite  pulping  operation  by  TMP  or  purchasing  kraft 
pulp  to  reinforce  the  groundwood  pulp  which  Is  the  principal  pulp  furnish  in  the  newsprint  mills 
where  the  sulphite  process  is  presently  employed. 

Technologies  for  control  of  effluent  discharges  by  in-plant  measures  are  being  developed  at  an 
increasing  rate  by  equipment  vendors,  research  organizations  and  the  mills  themselves,  so  no  mill 
is  completely  up-to-date  in  their  application.  Some  of  these  technologies  can  be  readily 
retro-fitted.  Others  are  routinely  installed  in  new  installations  but  are  extremely  expensive  to 
retrofit,  except  perhaps  as  part  of  a  major  mill  rebuild'^. 

Oxygen  delignification 

Since  the  early  1970s,  oxygen  deiignlficatlon  has  been  Installed  In  many  European  mills,  as  well  as 
a  growing  number  of  mills  In  the  US  and  in  Canada.  The  filtrate  from  an  oxygen  deiignlficatlon 
stage  is  invariably  recycled  to  the  chemical  recovery  system,.  The  installation  of  an  oxygen  stage 
wilt  allow  most  bleached  kraft  mills  to  reduce  bleach  plant  BOD  discharges  by  approximately  50% 
and  colour  by  60%.  Discharges  of  organochlorines  will  be  reduced  by  approximately  35%  to  50% 
and  a  50%  reduction  of  the  TER  will  be  attained.  Oxygen  delignification  reduces  the  Kappa 
number  of  the  pulp  by  up  to  approximately  50%,  reducing  the  quantity  of  chlorine  based 
compounds  In  the  subsequent  bleaching  stages  by  up  to  almost  50%.  An  oxygen  delignification 
stage  Is  a  prerequisite  for  more  recently  developed  delignification  processes  (Lignox  and  ozone) 
which  can  potentially  be  used  to  further  reduce  the  discharge  of  chlorinated  compounds. 

Oxygen  delignification  systems  would  require  investments  In  the  order  of  $20  million  In  a  typical 
Ontario  mill,  but  would  reduce  operating  costs  significantly.  The  process  has  not  been  wWely 
accepted  In  Canada,  except  for  Alberta,  but  Is  now  in  use  or  under  construction  In  many  US  mills, 
with  an  aggregate  capacity  of  27%  of  the  US  total  production  of  bleached  kraft  pulp.  The  two  most 


^'  Then  is  some  ques^n  as  to  whether  100%  subsHtuthn  of  chlorine  with  chlorine  dioxide  is  environmentally  superior  to 
a  lower  degree  of  substitution, 

^^  The  recentty  developed  extended  cooking  technology  for  kraft  pulp  is  an  excellent  example. 
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common  reasons  advanced  for  not  adopting  this  technology  are  that  product  quality  would  be 
adversely  affected,  and  that  mills  would  require  a  new  chemical  recovery  boiier  In  addition  to  the 
above  mentioned  capital  costs.  The  first  problem  seems  to  have  been  resolved  by  the  many  US 
and  overseas  companies  who  are  now  Installing  additlonai  oxygen  deligniflcatlon  systems  after 
gaining  experience  In  one  or  more  of  their  milts  since  1970.  There  are  several  relatively 
Inexpensive  solutions  to  the  second  problem  reviewed  In  the  body  of  this  report. 

AOX  discharge  control 

All  five  alternative  technology  trains  considered  for  the  kraft  sub-sector  will  substantially  reduce 
discharges  of  the  bioaccumuiative  components,  and  four  will  reduce  discharges  of  AOX  below 
1  i<g/tonne  bleached  pulp. 

The  components  of  AOX  removed  differ  substantially  from  one  technology  train  to  the  other.  The 
additional  AOX  fraction  removed  by  substitution  of  100%  of  the  chlorine  in  bleaching  by  chlorine 
dioxide  (as  compared  with  70%)  would  consist  principally  of  the  low-chlorinated  organochlorines 
that  have  been  found  to  be  synthesized  naturally  In  aquatic  ecosystems.  Technology  trains  tliat 
rely  primarily  on  extending  deiignificatlon  prior  to  laleaching'^  will  be  more  effective  than  the  others 
in  removing  the  wood  extractives  that  are  responsible  for  much  of  the  weai<  chronic  toxicity  of 
pulping  effluents. 

Biological  treatment  removes  in  the  order  of  40%  of  AOX.  In  genera!  this  will  not  be  the  most 
environmentally  significant  fraction.  Sublethal  effects  on  fish  have  been  reported  to  be 
substantially  reduced  where  oxygen  delignification  is  installed,  as  are  discharges  of  the  highly 
chlorinated  lipophilic  compounds  which  resist  biological  treatment. 

Elimination  of  molecular  chlorine  from  kraft  pulp  bleaching 

There  are  several  technical  solutions  to  the  problem  of  manufacturing  t^eached  Itraft  pulp  without 
molecular  chlorine.  These  are  primarily  based  on  replacing  the  molecular  chlorine  with  chlorine 
dioxide  and,  in  some  cases,  by  extended  delignification  of  the  pulp,  and/or  replacement  of  some 
of  the  chlorine  with  oxygen  and  hydrogen  peroxide.  Some  of  the  alternatives  have  been  proven  to 
maintain  or  improve  the  characteristics  of  the  pulp  produced,  but  require  capital  investments  of  up 
to  $45  million  for  a  500  tonne/day  Itraft  mill.  Some  incur  Increases  in  operating  costs  of  several 
dollars  per  tonne  pulp,  while  some  capital-intensive  modifications  can  reduce  direct  operating 
costs  by  up  to  $15/tonne  by  reducing  chemical  demand  and  by  recovering  energy. 

These  approaches  will  eliminate  detectable  quantities  of  PCDD/PCDF  including  2,3,7,8  TCDD,  that 
originate  in  the  kraft  mill  bleach  plant''.  These  process  changes  will  reduce  the  discharges  of 
organochlorines,  and  some  of  them  will  also  reduce  effluent  BOD,  colour  and  toxicity. 

Chlorine  dioxide  can  simply  be  substituted  for  molecular  chlorine  to  bleach  pulp.  This  practice 
improves  effluent  and  pulp  quality,  at  least  up  to  substitution  levels  well  above  the  5%  to  35% 


'*  Extended  cooking,  oxygen  delignification  and  ozone  delignification. 

15  Ontario  mills  tiave  voluntarily  eliminated  use  of  precursor  tieahng  defoamers,  and  the  imminent  Environment  Canada 
regulations  will  onsura  that  this  practice  continues. 
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normally  used  prior  to  1 990.  For  most  mills  high  substitution  of  chlorine  with  chlorine  dioxide  is  the 
simplest,  most  widely  demonstrated  and  lowest  capital  cost  approach  to  reducing  AOX 
discharges.  However,  the  operating  cost  Is  high,  and  this  approach  does  not  prepare  the  mill  for 
future  Installation  of  ozone  delignlfication  or  other  emerging  processes  leading  toward  zero  effluent 
operation.  Relative  to  a  mill  with  neither  oxygen  d el ign if i cation  nor  chlorine  dioxide  substitution, 
the  latter  can  reduce  organochlorine  discharges  by  up  to  approximately  80%,  If  all  of  the  molecular 
chlorine  is  replaced,  while  oxygen  delignlfication  would  achieve  about  40%  reduction  In  the  same 
mill. 

In  1990,  the  highest  chlorine  use  in  Ontario  was  approximately  60  kg/tonne,  A  softwood  mill 
substituting  chlorine  dioxide  for  all  chlorine  would  use  approximately  40  kg  of  chlorine  dioxide 
(containing  21  kg  chlorine)  per  tonne  pulp. 

Elimination  of  chlorine  compounds  from  kraft  pulp  bleaching 

Kraft  pulp  has  been  bleached  in  laboratories  to  market  quality  without  using  any  molecular  chlorine 
or  chlorine  compounds  in  the  process.  There  Is  no  demonstrated  industrial -scale  technology  for 
complete  elimination  of  chlorine  compounds  from  processes  which  must  be  used  to  bleach  kraft 
pulp  to  the  quality  currently  required  by  most  customers,  although  very  promising  pilot  f^ant  work 
has  been  carried  out  by  several  independent  researchers.  Technology  for  eliminating  the  need  for 
chlorine  compounds  Is  developing  rapkJIy. 

Although  there  are  not  yet  any  full  scale  installations  manufacturing  fully  bleached  kraft  pulp 
without  using  chlorine  compounds,  several  mills  operate  with  substantially  lower  quantities  of 
chlorine  compounds  than  in  the  past,  and  much  of  the  technology  they  use  is  on  a  logical  path 
toward  the  ultimate  installation  of  the  emerging  chlorine  compound  free  bleaching  technologies. 

The  proceedings  of  the  SPCI  pulp  bleaching  conference  in  Stockholm  in  June  1991  included 
several  papers  with  "chlorine-free  bleaching"  in  their  titles,  but  careful  examination  revealed  that 
authors  were  either  describing  "molecular  chlorine  free"  bleaching,  or  were  discussing  laboratory 
trials  only.  A  review  of  the  proceedings  made  it  clear  that  several  well  known  research  groups  are 
devoting  intensive  efforts  towards  developing  a  practical  process  for  producing  market  quality 
pulps  without  chlorine  compounds.  Most  experts  seemed  to  agree  that  the  proven  technologies 
of  oxygen  delignification  and  extended  cooking  should  be  exploited  to  the  maximum  prior  to 
use  of  the  relatively  expensive  and  less  efficient  chlorine  compound  free  bleaching  agents. 

Proven  parts  of  probable  chlorine  com  pound -free-bleaching  processes  include  extended  cooking, 
oxygen  delignification  and  partial  replacement  of  chlorine  compounds  with  hydrogen  peroxkfe.  If 
used  to  the  maximum  extent  that  they  have  been  proven  successful  and  reliable  to  date,  these 
process  modifications  would  eliminate  approximately  35%  of  the  chlorine  dioxkle  that  would 
remain  after  the  molecular-chlorine-free  bleaching  processes,  discussed  on  page  34,  had  been 
Implemented.  l_aboratory  and  pilot  trials  have  indicated  that  the  use  the  technologies  listed  below 
can  perhaps  replace  these  remaining  chlorine  compounds,  so  that  there  is  reason  to  expect  that 
it  will  be  technically  feasible  to  manufacture  bleached  kraft  pulp  without  chlorine  compounds 
within  a  few  years. 
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The  principal  process  alternatives  which  could  potentially  eliminate  chlorine  compounds  from  kraft 
pulp  bleaching  In  the  future  are: 

The  oxygen/ozone  process  being  developed  by  several  companies  of  which  the  most 

advanced  at  present  Is  urxler  construction  by  the  Union  Camp  Corporation  In 

Franklin,  Virginia. 
The  Hydrogen  Peroxide  process;  of  which  the  Ugnox  process  Is  best  known,  being 

developed  by  Eka  Nobel  and  under  trial  at  the  Munksjo  company's  Aspa  mill  in 

Sweden, 
Developments  in  enzyme  bleaching  and  the  use  of  hydrogen  peroxide  and/or  sodium 

hydrosulphite  seem  likely  to  replace  some  of  the  chlorine  compounds  traditionally 

used. 

The  oxygen/ozone  t>leach  plant  under  construction  at  Franklin  will  use  an  OZED  bleach  sequence 
to  produce  85  ISO  brightness  bleached  pulp  for  the  mill's  own  use.  Other  data  indicates  that  it 
probably  could  be  modified  to  attain  market  quality  by  using  about  10  kg/tonne  chlorine  dioxide, 
which  would  represent  a  reduction  of  75%  from  the  above  mentioned  molecular-chiorlne-free 
process  which  depends  on  100%  substitution.  Laboratory  trials  have  indicated  that  this  remaining 
chlorine  dIoxkJe  can  perhaps  be  replaced  with  hydrogen  peroxide,  sodium  hydrosulphite  or  other 
chlorine  compound  free  chemicals,  but  there  are  no  published  results  from  any  industrial -pilot 
scale  trials.  Such  trials  seem  likely  to  take  place  before  the  end  of  1991.  but  the  commercial 
developers  have  not  been  publicizing  their  plans,  presumably  for  competitive  reasons.  Ozone 
delignification  will  requires  significant  investments,  but  will  lower  operating  costs  significantly. 

Full  scale  trials  on  producing  fully  bleached  market  quality  pulp  with  the  Ugnox  process  followed 
by  chlorine  dioxide  t>leaching  indicated  that  slightly  over  15  kg  of  chlorine  dioxkle  per  tonne  pulp 
would  be  required.  This  represents  lower  use  of  chlorine  compounds  than  a  conventional  bleach 
plant  using  oxygen  delignification,  and  is  similar  to  the  use  of  chlorine  compounds  for  a  bleach 
plant  preceded  by  oxygen  delignification  and  state-of-the-art  extended  cooking,  as  is  used  in 
technology  train  K5  in  Chapter  7  of  this  report.  The  published  data  on  the  trial  indicates  an  AOX 
discharge  of  0.3  kg/tonne  pulp.  The  mill  concerned  (Aspa,  Sweden)  practices  neither  extended 
cooking  nor  biological  treatment.  If  the  effluent  were  treated  biologically,  then  the  final  AOX 
discharge  would  be  about  0.2  kg/tonne  pulp.  The  promoters  of  the  Ugnox  process  consider  that 
they  can  improve  the  performance  after  further  research  and  development  work.  At  present  the 
maximum  brightness  obtained  without  chlorine  compounds  is  approximately  75  ISO.  The  authors 
consider  the  Ugnox  process  to  be  a  "low-capital /high-operating-cost"  approach  to  improving 
effluent  quality. 

It  Is  technically  feasible  to  produce  semi-bleached  kraft  pulp  without  the  use  of  chlorine 
compounds,  but  the  only  mill  doing  so  commercially  (Aspa)  Is  reported  to  be  unable  to  sell  all  of 
the  chlorine-compound -free  pulp  it  can  manufacture.  The  vendors  of  the  Ugnox  technology  have 
advised  that  they  expect  it  to  be  some  time  before  they  will  offer  the  process  commercially  in 
Canada. 
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White  water  management 

Environmental  legislation  and  rising  energy  costs  have  led  to  significant  reductions  in  process 
water  consumption  during  the  last  40  years  in  pulp  and  paper  mills.  This  has  been  less  evident  in 
Canada  partly  due  to  regulatory  requirements  discouraging  water  conservation  programs,  because 
toxicity  tests  which  have  been  the  cornerstone  of  much  of  the  regulatory  activities,  are  based  on 
concentration  rather  than  toxicity  emission  rates  (Refer  to  the  Glossary  definition  of  TEF  and  TER). 
It  is  standard  practice  to  recycle  water  within  a  mill.  The  degree  of  recycling,  however,  varies 
widely. 

Sodium  based  sulphite  mills 

This  sub-sector  includes  the  two  Ontario  corrugating  medium  mills  as  well  as  the  high  yield 
sulphite  pulping  operations  at  the  newsprint  mills. 

The  options  for  discharge  prevention  at  source  for  the  corrugating  board  mills  include  changing  to 
a  soda  pulping  process  and  then  installing  a  fluldized  bed  furnace  based  recovery  system  in  which 
black  liquor  is  burned  and  soda  is  recovered.  Alternatively  corrugating  medium  can  be  made  from 
100%  secondary  fibres  In  closed  cycle  mills,  thus  eliminating  process  effluent. 

Fluidized  bed  incineration  of  the  waste  liquor  also  is  possible  for  sodium  based  sulphite  mills  that 
use  the  pulp  for  newsprint  strength  improvements,  but  this  would  create  the  problem  of  selling  the 
recovered  sodium  sulphate.  Due  to  difficulties  in  separating  the  waste  liquor  from  the  pulp,  a  liquor 
incineration  system  mill  would  be  a  large  energy  consumer,  which  perhaps  explains  the  lack  of 
practical  applications.  Despite  extensive  research  and  a  number  of  mill-scale  trials  over  the  past 
25  years,  the  authors  consider  that  there  is  still  no  sulphite  waste  liquor  recovery  system  tfiat  merits 
serious  consideration  for  the  relatively  small,  high-pulping-yield  mills  in  Ontario. 

Other  possibilities  are  to  change  to  a  magnesium  based  process,  to  substitute  the  sulphite  pulp 
with  semi-bleached  market  kraft  pulp,  install  a  deinking  operation  or,  most  probably,  follow  the 
general  trend  of  replacing  the  grourxlwood  operation  with  TMP  which  does  not  need  sulphite  pulp 
for  strength  improvements. 

1.8.4  External  treatment  technologies 

External  treatment  is  utilized  as  a  supplement  or  an  alternative  to  discharge  control  at  source.  It 
may  involve  a  range  of  physical -chemical  and  biological  measures.  Primary  treatment  involves 
removal  of  suspended  solids,  normally  in  a  gravity  ctarlfier.  All  Ontario  mills  apply  this  technique. 
Secondary  treatment  removes  soluble  organic  materials,  normally  by  biological  treatment  which 
primarily  removes  BOD,  and  acute  toxicity.  Seven  Ontario  mills  apply  secondary  treatment,  one  of 
which  is  anaerobic  only.  Tertiary  treatment  can  involve  different  physical-chemical  techniques, 
e.g.  granular  filtration  or  chemically  aided  coagulation  to  further  reduce  TSS.  phosphorus  and 
others. 

Most  external  effluent  treatment  processes  rely  upon,  at  least  to  some  extent,  concentrating  the 
pollutants  Into  a  side  stream,  normally  a  sludge.  Many  require  addition  of  chemicals,  which  may 
result  in  additional  discharges  to  the  receiving  waters.   Selection  of  regulations  to  control  effluent 
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discharge  rates  must  always  be  a  compromise  between  various  aspects,  since  there  Is  no  single 
process  that  is  environmentaliy  t>est,  even  if  cost  is  Ignored. 

Activated  sludge  treatment  (AST) 

Activated  sludge  treatment  (AST)  Is  a  widely  used  biological  process  normally  applied  to  primary 
treated  effluents,  and  used  in  many  industrial  and  municipal  effluent  treatment  plants.  The  principle 
is  to  create  the  conditions  for  a  high  concentration  of  microorganisms  to  grow  on  the  solutiie 
materials  in  the  effluent.  The  microorganisms  are  later  separated  from  the  treated  effluent  as  a 
sludge  and  recycled  In  the  process.  Excess  sludge  Is  concentrated  and  then  incinerated  or 
landfilled.  AST  can  achieve  lower  BOD  and  TSS  discharges  than  aerated  stabilization  basins,  but 
generates  significant  quantities  of  waste  sludge  which  require  chemical  additions  and  are  difficult 
to  dispose  of  in  an  environmentally  satisfactory  manner.  Biodegradable  organics  will  be  largely 
destroyed  or  mineralized.  Tiie  non-biodegradable  substances  arxl  the  heavy  metais  removed  from 
the  waste  water  are  stored  in  the  waste  sludge.  Energy  and  chemical  requirement  for  sludge 
handling  makes  this  process  more  expensive  per  unit  weight  of  BOD  removed  than  an  ASB 
system. 

Aerated  stabilization  basin  (ASB) 

Aerated  stabilization  basin  (ASB)  treatment  is  a  biological  process  widely  applied  to  primary 
treated  effluents.  The  principle  is  based  on  the  growth  of  low  concentrations  of  microorganisms  on 
the  soluble  materials  in  the  effluent  without  the  sludge  recycle  that  is  characteristic  of  the  above 
mentioned  activated  sludge  process.  When  the  microorganisms  die,  the  sludge  is  used  as  food  by 
other  microorganisms,  and  thus  the  BOD  is  digested.  The  successful  operation  of  an  ASB  system 
involves  the  control  of  the  non-digestible  sludge  so  that  minimal  quantities  of  TSS  and  BOD  are 
discharged  in  the  final  effluent  without  the  dredging  of  accumulated  sludge  being  necessary.  The 
energy  requirements  for  an  ASB  system  are  lower  than  for  an  AST  system  and  generation  oT 
waste  sludge  Is  avoided,  l-lowever.  concentrations  of  BOD  and  TSS  In  aerated  stabilization  basin 
effluents  are  about  double  tfiose  for  AST  systems. 

Acute  lethality 

There  has  long  been  controversy  about  the  ability  of  the  above  mentioned  AST  and  ASB 
technologies  to  treat  pulp  mill  effluents  sufficiently  well  to  pass  the  starxiard  acute  lethality  tests  for 
trout  and  Daphnia  magna.  The  performance  of  the  effluent  treatment  systems  using  these 
processes,  and  described  in  Appendix  C,  has  been  excellent  in  this  regard.  All  the  Canadian  mills 
mentioned  in  Appendix  C  have  consistently  passed  their  routine  tests  of  acute  lethality  for  some 
time,  demonstrating  that  It  is  possible  to  design  and  operate  puip  and  paper  milts  without 
discharging  acutely  lethal  effluent.  There  Is  little  or  no  information  available  on  the  non-Canadian 
mills  in  this  regard. 
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Anaerobic  treatment 

Instead  of  using  one  of  the  above  mentioned,  aerobic,  secondary  treatment  systems,  several  mHls 
In  North  America,  Including  the  MacMilian  Bloedei  mill  In  Sturgeon  Falls,  Ontario,  have  Installed 
anaerobic  treatment  systems.  These  rely  upon  different  biological  processes  from  the  AST  and 
ASB,  and  operate  In  closed  vessels  without  the  addition  of  oxygen.  Blomass  forms,  as  In  the 
aerobic  systems,  arxj  the  reaction  Is  cfiaracterlzed  by  much  slower  growth,  and  very  little 
generation  of  waste  sludge.  A  significant  portion  of  the  organic  wastes  are  converted  to  methane, 
which  Is  used  as  a  fuel  gas  In  some  cases.  Anaerobic  processes  are  of  Interest  because  of  the 
more  attractive  energy  balance  and  absence  of  sludge  generation  relative  to  a  conventional  AST 
system.  Ar\aerobic  processes  are  widely  used  In  the  food  industry,  but  little  In  the  pulp  and  paper 
Industry.  Long  start-up  times  after  accidental  failure,  and  difficulties  In  maintaining  reliable 
operation  have  been  obstacles  to  acceptance. 

Anaerobic  treatment  Is  of  little  Interest  for  treating  waste  waters  with  BOD  concentrations  under 
about  1000  mg/L  It  can  lower  concentrations  of  organic  substances  and  BOD  in  effluent 
substantially,  but  has  little  effect  on  toxicity.  Ar^erobic  systems  must  be  followed  by  aerobic 
systems  to  achieve  the  low  BOD  arnj  toxicity  required  by  most  modern  regulations. 

The  authors  of  this  report  consider  anaerobic  treatment  processes  as  offering  an  opportunity  of 
reducing  the  cost  of  effluent  treatment  In  suitable  conditions,  rather  than  as  effluent  treatment  in 
themselves.  Anaerobic  processes  have  therefore  not  been  Included  in  any  of  the  alternative 
technology  trains. 

Tertiary  treatment 

Tertiary  treatment  Is,  by  definition  in  the  field  of  waste  water  treatment,  any  process  installed  to 
enhance  the  quality  of  the  effluent  leaving  the  secondary  treatment  system.  The  two  technologies 
potentially  appiicat>le  In  the  pulp  and  paper  Industry  are  chemically  assisted  coagulation  and 
granular  filtration. 

Chemically  assisted  coagulation 

Chemically  assisted  coagulation  concentrates  a  proportion  of  the  contaminants  In  a  stream  of 
settleabie  solids  that  can  be  withdrawn  from  a  tertiary  clarifler  and  concentrated  for  landfill. 
Removal  of  heavy  metals  can  l:>e  quite  efficient,  if  Initial  concentrations  are  high. 

The  quantity  of  waste  sludge  can  be  significant,  up  to  about  30  time  the  weight  of  the 
suspended  solids  removed  from  the  effluent,  or  200  times  the  quantity  of  phosphorus  removed. 
Incineration  is  generally  impractical. 

Granular  filtration 

Granular  filtration  can  be  used  to  remove  suspended  solids,  BOD  and  phosphorus  from  effluents  to 
a  similar  extent  to  chemically  assisted  coagulation,  but  is  generally  less  effective  in  removing 
heavy  metals.  There  Is  normally  no  sludge  production,  since  the  filter  backwash  can  be  recycled 
to  the  secondary  treatment  system. 
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Either  of  these  two  types  of  tertiary  treatment  typically  can  reduce  effluent  BOD  from  ■  well 
operated  activated  sludge  treatment  system  by  In  the  order  of  33%,  and  will  reduce  TSS  and 
phosphorus  discharges  by  about  50%.  The  attainable  reductions  In  heavy  metals  are  site 
specific. 

Tertiary  treatment  using  these  processes  downstream  of  an  aerated  stabilization  basin  Is  unlikely  to 
be  effective. 

Control  of  phosphorus  discharges 

Phosphorus  Is  a  limiting  nutrient  for  microbiological  growth  in  the  biological  treatment  of  pulp  and 
paper  mill  effluent.  An  accurate  assessment  of  the  influent  BOD  load  is  necessary  If  phosphorus 
control  Is  to  be  satisfactory.  With  modem  pulp  and  paper  Industry  process  control  instrnmentation 
it  is  often  possible  to  predict  influent  BOD,  or  alternatively,  Instruments  are  becoming  avaliatrie  to 
monitor  oxygen  demand  sufficiently  well  for  use  In  the  control  of  nutrient  addition.  Long  retention 
ASB  systems  often  operate  without  addition  of  phosphorus.  The  need  for  adding  phosphorus  to 
an  AST  can  be  limited  by  using  established  biological  phosphorus  control  techniques  to  minimize 
losses  of  phosphorus  with  the  final  effluent. 


1 .9  Alternative  Technology  Trains 

Capital  and  operating  costs  have  been  estimated  for  the  Implementation  of  a  range  of  effluent 
control  technologies,  all  of  which  can  be  considered  as  BAT  In  at  least  one  respect,  for  each  mill  in 
Ontario,  in  all  cases  the  costs  are  based  on  the  mills  as  they  existed  in  April  1991,  with  no 
attempt  at  estimating  the  (widely  varying)  extent  of  prior  investments  In  effluent  control. 
Several  alternative  "technology  trains"  or  groups  of  effluent  control  technologies  involving  both 
In-piant  measures  to  reduce  discharges  at  source  and  external  treatment  were  selected  for  each 
sub-sector  of  the  industry.  The  Implications  of  applying  these  to  each  mill  were  examined.  The 
capital  and  operating  costs  were  estimated  and  the  consequent  effluent  characteristics  predicted. 

These  technology  trains  were  selected  to  provide  logical,  technically  sound  systems  to 
reduce  effluent  discharges.  They  do  not  represent  the  only  way  of  attaining  the  effluent 
quality  discussed  in  this  report,  nor  do  they  represent  the  only  technically  sound  way  of 
combining  the  wide  variety  of  effluent  discharge  control  technologies  available. 

The  authors  carried  out  a  detailed  site-by-site  analysis  to  calculate  the  costs,  since  this  is  superior 
to  the  more  widely  used  approach  of  relying  on  costs  calculated  on  the  tiasis  of  loads  for  generic 
effluent  treatment  processes.  This  latter  approach  was  used  successfully  in  the  USEPA's  well 
known  development  documents  for  effluent  guidelines  In  the  1970s  and  1980s.  However,  they 
were  generally  dealing  with  mills  at  a  fairly  limited  and  uniform  level  of  installation  of  environmental 
protection  measures,  and  at  a  time  when  technology  for  effluent  control  at  source  was  much 
simpler  than  is  available  for  Ontario  mills  to-day.  The  diversity  of  manufacturing  processes  and 
effluent  control  measures  already  implemented  in  Ontario  mills  created  significant  difficulties  in 
estimating  costs,  and  will  present  obstacles  to  effective  analysis  of  economic  feasibility  of  the 
measures  involved. 
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The  alternative  technology  trains  are  generally  selected  in  order  of  improving  effluent  quality.  All 
are  based  on  demonstrated  technology,  unless  otherwise  noted. 

Each  train  Is  an  independent  group  of  effluent  control  technologies,  and  in  most  cases  tt  is 
neither  Intended  nor  economically  reasonable  for  a  miii  to  install  first  one  train  tiien  another 
at  a  later  date. 

In  ali  cases  costs  represent  capital  and  operating  expenses  that  milis  would  incur  to  install 
the  technologies  concerned,  starting  from  a  baseline  in  April  1991.  All  systems  that  were 
operational  at  that  time  are  considered  to  have  zero  capital  and  operating  cost.  Any  effluent 
discharge  control  systems  that  were  in  progress  were  assumed  to  exist,  provided  that  the  mill  had 
made  a  physical  commitment  to  their  installation.  ^°  Although  the  latter  expenditures  were  generally 
incurred  to  comply  with  the  requirements  of  the  Ministry  of  the  Environment,  they  were  NOT 
incurred  as  a  result  of  the  currently  proposed  MISA  regulations. 

The  annualized  cost  of  installing,  operating  and  maintaining  the  equipment  for  the  various 
technology  trains  was  calculated  as: 

Annualized  cost       =       (Capital  cost)  x  0.18    +    (O&M  cost) 

This  equation  corresponds  to  tfiat  used  by  the  Ministry's  Fiscal  Planning  and  Economics  Analysis 
Branch,  but  does  not  consider  the  tax  implications.  It  is  presented  as  a  practical  way  of  comparing 
costs  of  various  alternatives,  and  is  not  recommended  as  a  substitute  for  a  more  complete 
economic  analysis. 

1.9.1  Kraft  sub-sector 

All  the  alternative  technology  trains  for  the  l<raft  sub-sector  include  extensive  in-plant  measures  for 
reduction  of  effluents  at  source,  and  biological  treatment.  The  first  four  use  ASB,  and  the  fifth  AST 
to  attain  the  lowest  technically  feasiisle  BOD  and  TSS  discharges,  in  two  kraft  mills,  Domtar  at 
Cornwall  arxJ  CPFP  at  Thunder  Bay  AST  is  used  for  all  trains,  due  to  space  limitations.  All  trains 
include  substantial  reduction  in  effluent  flows,  which  contributes  to  overall  performance  of  the 
biological  treatment  systems,  whether  existing  or  yet  to  be  constructed. 

The  simplest  of  the  five  alternative  technology  trains  is  aimed  primarily  at  elimir^ting  detectat^e 
quantities  of  TCDD  and  TCDF.  and  lowering  AOX,  in  addition  to  the  reductions  in  BOD,  acute 
toxicity  and  TSS  attained  by  the  above  mentioned  biological  treatment  The  second  alternative, 
simply  carries  this  to  the  logical  limit  by  eliminating  molecular  chlorine.  The  third  train  introduces 
oxygen  deiignification  and  will  t>e  more  effective  In  reducing  sublethal  toxicity  that  the  previous 
ones.  The  fourth  train  achieves  simitar  objectives  to  the  third,  but  uses  extended  cooking.  This 
reduces  total  chemical  usage,  and  has  some  major  pulp  quality  benefits,  but  requires  major 
modernization  of  the  mills,  so  the  capital  costs  are  high,  as  is  apparent  in  Figure  1  on  page  42.  The 
fifth  train  is  essentially  a  combination  of  trains  3  and  4.  It  is  very  similar  to  the  design  of  the  most 
environmentally  advanced  greenfield  mills  in  the  world.  Trains  3,  4  and  5  are  logical  precursors 


16  Physical  commitmant  implies  commencement  of  construction.   Installations  tfyat  had  t>een  announced,  purchased  or 
othepMse  committed  were  NOT  considered  as  tieing  physically  committed  for  the  purposed  of  this  report. 
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for  the  emerging  procestet  for  further  reduction  and  eventual  elimination  of  chlorine 
compounds  including  Lenoir  and  the  various  ozone  based  technologies  discussed  In 
Chapter  6. 

Details  of  the  capital  and  operating  costs  for  implementation  of  each  attemative  technology  train 
are  shown  in  Chapter  8,  along  wtth  the  expected  discharges  of  the  major  pollutants. 

The  capital  costs  deperxl  on  mill  size,  site  conditions,  and  most  Importantly  the  extent  of  previously 
installed  effluent  control  measures. 

In  many  cases,  the  in-plant  measures  to  reduce  the  formation  of  pollutants  reduce  the  operating 
costs  by  reducing  chemical  demand.  In  some  of  those,  the  savings  are  sufficient  to  outweigh  the 
maintenance  costs  of  the  new  equipment,  as  indicated  by  the  total  operating  and  maintenance 
costs  in  Figure  2  on  page  43. 

The  costs  per  unit  pollutant  removed  vary  widely  according  to  the  extent  of  removal,  and  the  base 
level  of  discharges.  For  mills  which  had  low  effluent  discharges  In  1990,  the  unit  cost  of  attaining 
further  reduction  is  very  high. 

The  capital  costs  estimated  for  the  application  of  the  five  alternative  technology  trains  are 
summarized  below. 
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Figure  1  Capital  costs  for  technology  trains  for  kraft  sub-sector 

The  estimated  operating  costs  for  each  of  the  technology  trains  is  presented  below.  In  some 
cases,  the  savings  In  energy,  chemicals  and  labour  are  sufficient  to  offset  the  direct  operating 
costs. 
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Figure  2  Operating  and  maintenance  costs  for  technology  trains  for  kraft  sub-sector 

Other  effluent  parameters 

All  the  kraft  technology  trains  would  discharge  approximately  equal  quantities  of  nutrients,  but 
trains  3.  4  and  5  would  be  more  effective  than  trains  1  and  2  In  reducing  the  discharges  of 
sub-lethal  toxicity  and  most  of  the  persistent,  non-biodegradable  pollutants.  The  differing  COD 
discharges  provide  an  overall  indication  of  this,  since  the  COD  of  an  effluent  that  fias  been 
subjected  to  efficient  biological  treatment  is  essentially  a  measure  of  total  non-biodegradat)le 
organics.  Relative  to  a  kraft  mill  without  biological  treatment,  trains  1  and  2  will  reduce  COD  by 
30%.  train  3  by  45%,  trains  4  and  5  by  50%. 

1.9.2  Sulphite/mechanical  sub-sector 

The  range  of  technology  available  for  this  sub-sector  is  much  narrower  than  for  the  kraft  sub-sector 
discussed  above.  Only  three  proven  technology  trains  were  developed,  all  of  which  involve  some 
internal  measures  to  reduce  effluents,  t)ut  rely  principally  on  external  treatment.  The  costs  of  the 
potential  installations,  and  current  industry  trends,  suggest  that  the  mills  in  this  sub-sector  are 
more  likely  to  undertake  major  modernizations  which  will  reduce  effluent  BOD  than  to  install 
treatment  systems  for  the  existing  effluents.  The  costs  of  such  modernizations  could  not  be 
justified  simply  to  comply  with  environmental  regulations,  but  would  include  considerations  such 
as  future  product  quality  requirements,  availability  of  wood,  the  customer  demand  for  recycled 
paper  In  newsprint,  and  the  extensive  labour  savings  realized  when  a  traditional 
groundwood/sulphite  newsprint  mill  is  replaced  by  TMP.  However,  analysis  of  complete 
modernization  of  the  mills  was  not  within  the  scope  of  this  project. 
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The  capital  costs  for  implementation  of  each  artematlve  technology  train  are  shown  in  Figure  3 
below. 
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Figure  3  Capital  costs  for  technology  trains  for  sulphite/mechanical  and  corrugating  sub- 
sectors 

The  capital  costs  deperxJ  on  mill  size,  stte  conditions,  and  most  importantly  the  extent  of  previously 
installed  effluent  control  measures. 

The  operating  costs  estimated  for  the  application  of  the  three  alternative  technology  trains  are  as 
follows: 


$8,000,000 
$6,000,000 
$4,000,000 
$2,000,000 
$0 

STPAINSJ(t8/9 


operating  & 
Maintenance  Costs 


The  bars  for  each  mill  refer 
to  trains  1  to  3  fron^  left  to  right 


A-P  A'P  A-P  A-P  BolM  OAO        SL  Itoiyi       Sprue*         Donrtar      MwMIIIm 

(T.  Bay)  (F.  W)         (Prov.  P)       (I.  Fallt)       (Kwmh^  Fall*         (TrMrtM) 


Figure  4  O  &  M  costs  for  technology  trains  for  sulphite/ mechanical  and  corrugating  sub- 
sectors 


1.9.3  Corrugating  sub-sector 

The  additional  caprtal  and  operating  costs  for  implementation  of  each  alternative  technology  train 
are  shown  In  the  figures  in  the  sulphite/mechanical  sub-sector,  discussed  aiaove. 
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1.9.4  Deinklng/board/fine  papers/tissue  sub-sector 

The  capital  and  operating  costs  estimated  for  the  application  of  the  four  alternattve  technology 
trains  are  as  follows: 
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Figure  5  Capital  costs  for  technology  trains  for  deinking/board/flne  papers/tissue  sub- 
sector 
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Figure  6  0  &  M  costs  for  technology  trains  lor  delnklng/board/flne  papers/tissue  sub-sector 


1.10  Economic  Achievabllity 

Analysis  of  the  economic  achievabllity  of  the  effluent  control  technologies  will  be  carried  out 
independently  by  the  Ministry  of  the  Environment. 
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2  INTRODUCTION 


SUMMARY  This  report  defines  the  Best  Available  Technology  (BAT)  for  pulp  and  paper  mill 
effluents  under  Ontario  conditions.  It  does  not  consider  economic  achievability  (BATEA). 
Modifications  of  product  line  have  not  been  considered  as  BAT. 


Data  in  this  report  are  presented  in  Systenne  International,  (SI)  units,  uniess  otherwise  stated. 
The  word  "tonne"  refers  to  the  "metric'  tonne  =  1000  kg  =  2205  lbs. 


2.1  Background 

Over  the  past  few  years,  the  Municipal/Industrial  Strategy  for  Abatement  (MISA)  in  Ontario  has 
been  working  towards  a  substantial  reduction  of  toxic  contaminant  discharges  to  the  Province's 
walenways,  with  the  ultimate  goal  of  the  virtual  elimination  of  persistent  contaminants.  The 
program  Is  split  into  a  series  of  similar  but  independent  sub-programs  for  each  of  the  major 
Irxlustrlal  sectors  In  Ontario.  This  report  addresses  eUl  of  the  pulp  arxJ  paper  sector,  except  those 
mills  (mostly  small)  that  discfiarge  effluents  only  to  municipal  sewers. 

An  extensive  effluent  monitoring  program  was  conducted  in  1990,  and  promulgation  of  new 
Effluent  Limits  Regulations  is  scheduled  for  1992. 

The  Ministry's  policy  Is  to  base  effluent  control  requirements  on  the  Best  Available  Technology 
(BAT)''  which  is  economically  achievable  (BATEA). 

N.  McCubbin  Consultants  Inc.  were  retained  by  the  Ministry  to  prepare  this  report  after  responding 
to  requests  for  proposal  Number  900605  for  krafl  milts,  and  Number  900606  for  non-kraft  mills  of 
December  1990.  In  view  of  the  extensive  technical  similarities  and  geographical  overlap  between 
the  kraft  and  non-kraft  sub-sectors'^,  and  the  Ministry's  interest  in  minimizing  costs,  this  single 
combined  report  has  t>een  prepared. 


"  Reftrto  Ontario's  definition  of  BAT  discussed  on  page  55. 

'"  Not9  ttiat  six  of  the  nine  kraft  mills  have  extensive  non-kraft  manufacturing  on-site. 
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2.2  Objectives 

The  objectives  of  this  report  are  to; 

Develop  an  inventory  of  the  best  technology  available  worldwide  for  the  control  of  effluents 
discharged  from  Ontario's  pulp  and  paper  mills. 

Develop  an  inventory  of  the  current  effluent  discharge  control  technologies  of  each  of  the 
27  direct  discharge  mills  in  Ontario. 

Evaluate  several  alternative  technology  trains  which  could  be  applied  to  Ontario  mills  in 
each  of  the  four  sub-sectors  of  the  irxiustry,  Including  an  assessment  of  technicsil 
feasibility,  consequent  effluent  quality  arxj  costs  (both  capital  and  annuai  operating). 

Provide  a  basis  for  economic  assessment  of  the  possibiiity  of  implementing  the  identified 
BAT  In  Ontario's  pulp  and  paper  industry. 

The  full  terms  of  reference  are  appervded. 

2.3  Sources  of  Ontario  Mill  Data 

Data  on  Ontario  mili  effluents  used  in  the  calculations  of  costs  and  in  formulating  conclusions  in 
this  report  were  tai<en  from  the  report  on  the  first  six  months  of  the  MISA  monitoring  program 
(MISA  1991).  in  some  cases,  where  Insufficient  data  were  available,  MOE  data  from  previous  years 
were  used.  This  applies  mostly  to  acute  iethaiity  to  trout.  The  authors  also  reviewed  as  much  of 
the  data  for  organochlorines  as  was  avaiiat}le  for  the  latter  part  of  1990,  since  it  was  expected  that 
some  reductions  may  have  occurred  due  to  company  programs  to  reduce  AOX  and  dioxin 
discharges. 

Ali  cost  estimates  are  t)ased  on  milis  as  they  existed  in  Aprii,  1 991 .  Where  mills  had  projects  under 
way  on  tfiat  date  that  wouid  improve  effluent  quaiity,  the  authors  assumed  that  they  would  be 
completed.  The  costs  of  these  projects  were  not  considered  as  part  of  the  cost  of  implementing 
further  measures  to  comply  with  potential  BAT  based  regulatory  requirements  under  MISA.  Where 
construction  had  not  clearly  commenced,  such  projects  were  considered  as  tentative. 

Operating  data  for  the  miils  were  coiiected  by  contact  with  the  miii  staff  directly.  Where  responses 
were  not  received,  some  operating  data  were  estimated  from  information  in  MOE  files  and 
published  documents,  in  ali  cases,  miils  were  advised  of  such  assumptions  and  were  invited  to 
correct  any  errors. 
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2.4  Pulp  and  Paper  Sector  Profile 

There  are  27  mills  in  the  pulp  and  paper  sector  which  discharge  treated  industrial  effluents  directly 
to  watercourses^^.  The  extent  of  In-plant  measures  for  reduction  of  effluent  discharges  at  source, 
and  the  degree  of  effluent  treatment  varies  very  widely  from  mill  to  mill.  The  mills  are  mostiy  at 
ieast  25  years  dd.  The  Kimberfy-Clarl<  mili  at  Huntsville  is  the  oniy  mill  built  since  1965  when  paper 
industry  effluent  discharges  first  became  a  serious  concern  in  Ontario.  Some  companies  have 
invested  considerable  sums  in  modernizing  their  facilities,  so  that  some  can  be  considered  as 
modern  with  respect  to  effluent  discharge  control.  Others  are  quite  outdated.  The  only  mill  which 
can  be  considered  to  discharge  extremely  low  quantities  of  effluents  by  worldwide  standards  is  the 
Kimberly-Clark  mill  at  Huntsvilie. 

All  mills  have  primary  effluent  treatment,  arxi  seven  f>ave  secondary  treatment. 

Effluent  discharges  range  from  slightly  under  1000  to  173,000  mVday,  carrying  from  3  to 
49,000  kg/day  BOD. 

Several  mills  are  in  the  process  of  implementing  effluent  discharge  control  measures^,  including 
some  that  have  come  into  service  since  the  1990  MiSA  effluent  monitoring  program  was 
completed^'.  Eight  of  the  nine  bleached  kraft  mills  have  undertaken  measures  in  the  past  few 
years  to  reduce  discharges  of  organochlorines  (AOX),  including  the  PCDD/PCDF  group  ("dioxins" 
in  colloquial  terms)  and  one  mill  has  a  large  secondary  treatment  system  under  construction. 
James  River  at  Marathon  and  Kimberly-Clark  at  Terrace  Bay  were  the  only  mills  where  2,3,7,8- 
TCDD  was  detected  during  the  first  six  months  of  the  1990  MISA  effluent  monitoring  program.  The 
Marathon  bleach  plant  has  since  been  modified  to  operate  without  molecular  chlorine,  which  is  one 
of  a  number  of  ways  to  lower  emissions  below  detectable  levels. 

The  locations  of  all  mills  are  shown  on  the  map  following,  and  details  of  products,  etc.  in 
Appendix  A. 


'^  Several  other  mills  discharge  their  affluents  to  municipal  sewers.  These  are  not  discussed  in  this  report. 

'^  For  example,  an  oxygen  activated  sludge  effluent  treatment  system  is  under  construction  at  the  CPFP  mill  at  Thunder 
Bay. 

^^  Including  capability  to  bleach  kraft  pulp  without  the  use  of  molecular  chlorine  at  James  River,  Marathon  and  Boise 
Cascade  in  Fort  Frances. 
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Figure  7  Location  of  direct  discharge  pulp  and  paper  mills  in  Ontario 
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2.5  Mills  Included  in  Scope 

The  mills  Included  In  the  scope  of  this  study  are  listed  In  Table  3. 
Table  3  Mills  within  scope  of  report 


Company 


Town 


Abbreviation 


Kraft  sub-sector 

Boise  Cascade  Canada  Ltd. 
Canadian  Pacific  Forest  Products  Ltd. 
Canadian  Pacific  Forest  Products  Ltd. 
Domtar  inc.,  Fine  Papers  Div. 
Domtar  Inc.,  Containerboard  Division 
E.B.  Eddy  Forest  Products  Ltd. 
James  River-Marathon  Ltd. 
Kimber1y-Clarl<  Canada  Inc. 
Malette  Kraft  Pulp  and  Paper  Co. 


Fort  Frances 
Dryden 
Thunder  Bay 
Cornwall 
Red  Rock 
Espanola 
Marathon 
Terrace  Bay 
Smooth  Rock  Falls 


Boise  {Ft.  F) 
CPFP  (Dryden) 
CPFP  (T.  Bay) 
Domtar  (Cnwall) 
Domtar  (R.R.) 
Eddy  (Espanola) 
James  River 
K-C  (Terr.  B) 
Malette 


Sulphite-mechanical  sub-sector 

Abitibt-Price  Inc.,  Thunder  Bay  Div. 

Abitibi-Price  Inc.,  Fort  William  Div. 

Abitibi-Price  Inc.,  Provincial  Papers  Div. 

Abitibi-Price  Inc.,  Iroquois  Falls  Div. 

Boise  Cascade  Canada  Ltd. 

Quebec  and  Ontario  Paper  Company  Ltd. 

St.  Marys  Paper  Inc. 

Spruce  Falls  Power  and  Paper  Company  Ltd. 


Thunder  Bay 
Thunder  Bay 
ThurxJer  Bay 
Iroquois  Falls 
Kenora 
Thorold 

Sault  Ste.  Marie 
Kapuskasing 


A-P  0".  Bay) 
A-P  (F.  W) 
A-P  (Prov.  P) 
A-P  (I.  Falls) 
Boise  (Kenora) 
Q&O 
St.  Marys 
Spruce  Falls 


Corrugating  sub-sector 

Domtar  Inc.,  Containerboard  Division 
MacMillan  Bloedel  Ltd. 


Trenton 

Sturgeon  Falls 


Domtar  (Tren) 
MacMillan 


Deinking/board/fine  papers/tissue  sub-sector 

Beaver  Wood  Fibre  Company  Ltd.  Thorold 

Domtar  Inc.,  Fine  Papers  Div.  St.  Catharines 

E.  B.  Eddy  Forest  Products  Ltd.  Ottawa 

Noranda  Forest  Inc.,  Recycled  Papers  Thorold 

Kimberly-Clark  Canada  Inc.  St,  Catharines 

Kimberiy-Ctark  Canada  Inc.  Huntsville 

Trent  Valley  Division,  Paperboard  Industries  Trenton 

Corporation* 

Strathcona  Paper  Company Napanee 

The  abbreviated  names  are  used  in  the  MISA  Monitoring  report  (MISA  1991)  and  in  the 
appropriate.   The  names  of  the  two  Domtar  Containerboard  Division  mills  were  changed  to 
early    in     1991,    but    this    report    has    retained    the    1990    names    to    correspond 
Form  used  in  MISA  6  month  report. 


Beaver  Wood 
Domtar  (St.  C) 
Eddy  (Ottawa) 
Noranda 
K-C  (St.  C) 
K-C  (Hunts) 
Trent  Valley 

Strathcona 

graphs  in  this  report  where 
"Domtar  Packaging  Division" 
with    prior    MISA    reports. 
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2.6  Scientific  Versus  Industrial  Practices 

In  carrying  out  a  study  of  this  nature,  K  is  necessary  to  adopt  an  approach  that  is  intermediate 
between  the  scientist's  rigorous  approach  to  verification  of  all  facts,  and  the  businessman's 
practice  of  making  decisions  In  a  limited  time  frame  without  awaiting  all  the  information  that  he  may 
like  to  have. 

2.6.1  Science 

Science  is  based  on  the  fundamental  concept  of  reproducibility.  An  experiment  conducted,  e.g.  In 
Scandinavia,  must  give  the  same  result  If  conducted  In  Ontario  In  order  to  be  considered  to  be 
scientific.  Over  the  past  two  centuries  the  mathematical  science  of  statistics  has  been  developed 
to  assess  the  validity  of  scientific  results  in  terms  of  whether  or  not  they  are  "significant".  Stringent 
rules  apply  to  analytical  results  if  they  are  to  be  validated  as  "scientific"  (including  Quality 
Assurance,  Quality  Control,  Intercallbration  exercises,  handling  of  outliers  etc). 

Most  of  our  modern  urxJerstanding  of  the  world  is  based  on  reproducible  scientific  results.  The 
scientists  establish  a  hypothesis  and  conduct  an  experiment  that  should  contradict  the  hypothesis. 
If  a  well-designed  and  conducted  experiment  fails  to  contradict  the  hypothesis,  the  hypothesis  Is 
judged  to  be  "true".  In  modern  science  one  can  seriously  talk  about  the  haif-life  of  a  true"  theory. 
The  average  half-life  may  be  in  the  order  of  50  years  or  less,  before  someone  conducts  an 
experiment  that  will  contradict  the  theory.  Experience  has  shown  that  In  new  fields  of  study,  the 
"half-ilfe"  of  true  theories  is  often  shorter.  The  effluent  control  technologies  discussed  in  this  report 
range  from  processes  over  100  years  old  to  very  recently  developed  ideas  such  as  for  AOX,  so 
some  will  probably  become  obsolete  within  a  few  years. 

2.6.2  Technology 

Sometimes  one  is  led  to  believe  that  technology  is  based  solely  on  scientific  evidence.  However,  if 
this  were  true,  modern  civilization  would  not  look  the  way  it  does.  It  is  closer  to  the  truth,  to  say 
that  most  technology  was  invented  by  accident  by  persons  with  highly  developed  Imaginations 
and  intuitions,  usually  with  some  technical  training  and  access  to  experimental  or  Industrial 
equipment  to  conduct  trials.  Only  then,  when  the  technology  is  invented,  can  scientists  develop 
the  theories  that  make  us  t)eiieve  they  understand  why  a  given  technology  is  working. 

The  development  of  modern  pulp  and  paper  technology  Is  a  very  good  example  of  a  techndogy 
that  was  developed  on  the  basis  of  empirical  rather  than  scientific  evidence.  Therefore,  when 
judging  the  concept  of  BAT,  one  has  to  give  credit  to  evidence  that  is  based  on  intuition  and 
tess-than-scientific  analysis  of  full-scale  operations,  pilot  plants  and  experimental  data,  as  well  as  to 
the  scientific  basis. 

Although  a  pulp  mill's  compliance  w'lth  a  wastewater  permit  stating  specific  limits  should,  In 
principle,  be  demonstrated  through  reproducible  sampling  and  analyses,  the  available  data  are 
rarely  sufficiently  numerous  and  of  a  quality  that  would  pass  a  scientific  analysis.  This  would  be 
much  too  time-consuming  arxJ  very  often  a  waste  of  money.  The  statistical  uncertainty  of  any 
demonstrated  result  should  not  be  forgotten,  and  It  must  be  combined  with  the  professional 
judgement  or  common  sense  of  skilled  persons. 
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2.6.3  Scientific  and  technical  literature 

Extensive  literature  searches  were  conducted  to  minimize  the  risk  of  any  useful  effluent  control 
technologies  being  overlooked.  Most  of  the  searches  used  the  Institute  of  Paper  Science  and 
Technology's  PAPERCHEM  database  which  Is  readily  searched  by  computer.  It  includes  over 
450,000  citations  from  approximately  1000  periodicals  In  over  20  languages,  as  well  as 
proceedings  from  major  conferences  related  to  the  pulp  and  paper  industry.  Enviroline,  containing 
about  350,000  citations  was  also  consulted,  but  no  references  were  found  which  were  not  also  In 
PAPERCHEM. 

The  authors  reviewed  all  literature  referred  to  In  this  report  critically.  Only  references  which  the 
authors  collectively  have  confkJence  In  were  used  as  the  basis  for  decisions.  The  principal  criteria 
for  evaluating  the  credibility  of  the  data  from  the  literature  and  other  sources  was  the  extent  of 
Indeperxlent  confirmation,  correlation  with  our  own  experience,  as  well  as  the  degree  of 
independence  of  the  source  author  and  his  reputation. 

2.6.4  Decision-making  practices  in  the  pulp  and  paper  industry 

Good  management  In  the  pulp  and  paper  Industry  can  not  rely  solely  on  scientifically  "significant" 
results,  whether  for  decisions  concerning  investments  In  production  facilities,  or  for  selection  of 
appropriate  environmental  protection  systems.  Technology  and  demands  from  society  move 
much  too  fast  to  do  so.  One  example  is  the  rapid  and  widespread  installation  of  chlorine  dioxide 
generators  in  kraft  mills  across  North  America,  at  a  capital  cost  In  the  order  of  one  billion  dollars. 

Many  of  the  results  on  which  the  conclusions  of  this  report  are  based  are  not  'statistically 
significant".  In  such  cases,  the  conclusions  must  sometimes  be  based  on  "best  professional 
judgement",  given  the  present  state-of-the-art.  The  possibility  always  exists  that  the  conclusions 
may  be  contradicted  by  new  evidence  in  the  future,  but  they  reflect  the  considered  opinion,  at  the 
time  of  writing,  of  six  Internationally  experienced  consultants  with  a  broad  range  of  expertise. 


2.7  Approach  to  Selection  of  Relevant  Technology 

The  Ministry's  definition  of  "Best  Available  Technology"  is  of  necessity  flexible,  since  'besf  Is  a 
moving  target.  Available  technologies  were  first  identified;  those  which  were  not  demonstrated 
were  set  aside;  and  the  best  were  selected  as  discussed  below. 

2.7.1  Available  technologies 

An  initial  list  of  available  technologies  was  developed  from  the  author's  experience,  a  list  published 
in  the  USEPA  development  document,  extensive  searching  of  the  scientific  literature,  as  well  as 
suggestions  from  Ministry  staff,  Greenpeace  and  individuals  within  the  pulp  and  paper  industry. 

Several  separate  selections  were  made  for  each  sub-sector  of  the  pulp  and  paper  industry  with 
some  range  in  effluent  quality.  In  some  cases  several  similar  technologies  could  be  used  to 
achieve  essentially  identical  results.   Therefore,  it  was  found  to  be  necessary  to  restrict  detailed 
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evaluation  and  reporting  to  one  of  such  alternatives,  in  viev^f  of  the  time  arxi  budget  constraints 
Involved  in  the  project^. 

The  following  were  considered  as  potentially  viable  approaches  to  Improving  effluent  quality: 


Changes  in  production  processes 
Discharge  prevention  at  source 
Effluent  treatment  technologies 
Best  nnanagement  practices 


Applications  of  the  above  approaches,  either  individually  or  in  combination,  used  to  control  the 
quality  of  effluent  anywhere  in  the  world  were  considered  to  be  available  technology.  Experience 
in  comparable  industrial  sectors  that  produce  untreated  process  effluents  with  characteristics 
similar  to  those  produced  by  the  pulp  and  paper  irKlustry  was  also  considered. 

Changes  in  production  processes  and  discharge  prevention  at  source  are  techniques  used  to 

improve  effluent  quality  by  reducing  or  eliminating  the  formation  of  pollutants.  Examples  include 
installation  of  oxygen  delignification  systems  to  reduce  the  use  of  molecular  chlorine  for  pulp 
bleaching,  or  recycling  of  lightly  contaminated  water  to  replace  fresh  water. 

Effluent  treatment  processes  are  considered  to  be  those  technologies  which  are  used  to 
eliminate  or  reduce  the  total  loading  of  conventional  and  toxic  contaminant  substances  from 
process  effluent  streams.  This  is  often  known  as  "external  treatment"  or  "ex-plant  treatment". 

Best  management  practices  are  those  facilities  or  procedures  used  to: 

Manage  site  runoff  and  drainage  from  outdoor  process  and  non-process  areas  resulting 

from  storm  water  or  thaw  events 

Control  once  through  cooling  water 

Minimize  variations  in  performance  of  effluent  treatment  systems 

Manage  sludge  and  waste  disposal 

Minimize  the  impact  of  spills. 

2.7.2  Demonstrated  technologies 

A  technology  was  considered  to  be  a  demonstrated  technology  if  data  were  available  which  can 
be  used  to  predict,  with  a  reasonable  degree  of  confidence,  Its  reliability  and  performance.  These 
relate  to  effluent  quality  improvements  at  any  plant  In  the  pulp  and  paper  sector,  given  the 
expected  variability  between  plants. 


^  77»'s  applies  mostly  to  the  krafi  sector,  where  there  is  a  very  wide  variety  of  technologies  available  for  AOX.  BOD  and 
toxicity  control.  The  authors  frequently  evaluate  specific  options  for  industrial  clients,  and  used  this  experience  to  select 
the  most  effective  technologies  for  more  detailed  analysis. 
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Demonstrated  technologies  were  selected  by  the  authors  from  the  range  of  available  technologies 
on  the  basis  of  the  following  criteria: 

Utilized  in  the  pulp  and  paper  sector  or  In  a  similar  irxJustrial  sector  or  sub-sector  tfiat 

produces  effluents  with  similar  cfiaracteristics 

Practicality  of  retrofit  In  at  least  some  of  the  existing  facilities 

Preferably  in  commercial  use  for  a  significant  time  (generally  one  year) 

Design/sizing  and  costing  information  was  available  or  sufficient  infonnation  was  available 

to  develop  it 

Bench  or  pilot-scale  technology  was  considered  in  some  cases  of  specific  interest. 

In  order  to  develop  a  list  of  available  technologies  from  which  demonstrated  technologies  may  be 
selected,  Information  was  gathered  from  a  number  of  sources.  Data  gathered  from  various 
sources  were  not  all  of  the  same  quality  as  that  required  by  the  MISA  Monitoring  or  Effluent  Limits 
Regulations.  Considerable  professional  judgement  was  apF}iled  in  accordance  with  the  principles 
discussed  on  page  52  to  ensure  thiat  the  technical  capabilities  of  the  processes  defined  in  this 
report  were  feasible  in  Ontario  conditions. 

2.7.3  BAT  selection 

The  process  for  selecting  BAT  options  from  the  list  of  demonstrated  technologies  considered 
primarily  their  ability  to  remove  contaminants,  and  secondarily  the  following  goals  for  an  effluent: 

Non-letfial  to  trout  and  Daphnia  magna 

Effective  use  of  recycling,  re-use  and  reduction,  and  smallest  transfer  to  other  media 

Reduction  of  AOX  in  effluents  from  bleached  kraft  mills 

Water  conservation. 

To  the  extent  feasible,  only  data  published  In  peer-reviewed  scientific  and  engineering  journals 
were  relied  upon.  However,  in  an  industry  such  as  pulp  and  paper,  where  technology  Is  developed 
by  a  wide  variety  of  equipment  manufacturers,  pulp  and  paper  manufacturing  companies,  research 
organizations  and  academics,  It  was  found  to  be  necessary  to  consider  other  sources  of 
information  to  ensure  that  this  report  would  be  up-to-date  when  published.  Refer  also  to  the 
discussion  on  page  52. 

Process  selections  need  not  be  based  on  a  full  understanding  of  why  a  process  functions,  as  long 
as  the  engineers  feel  confident  that  the  selection  is  appropriate.  Such  decisions  are  normally 
based  more  on  industrial  scale  empirical  evidence  than  on  rigorous  scientific  analysis  of  the 
UfKlerlytng  process  fundamentals.  In  some  cases  this  is  the  only  available  approach,  because  the 
technology  vendor  may  not  make  the  technology  underlying  a  new  technique  available  to  the 
public. 

This  makes  it  very  difficult  to  assess  emerging  technologies  In  the  context  of  Best  Available 
Technology.  As  a  consequence,  the  Ministry  of  Environment  defines  BAT  as  technology  that  has 
been  demonstrated  in  full  scale  operation  for  approximately  12  months,  while  allowing  that  pilot 
plant  or  short  term  industrial  scale  data  may  be  relevant  in  some  cases.  This  is  a  somewfiat 
conservative  attitude,  and  in  a  few  cases,  the  authors  have  evaluated  technologies  tfiat  fiave  been 
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demonstrated  in  pilot  plant  or  in  full  scale  for  a  short  period,  e.g.  zero-effluent  mechanical  pulping, 
bleaching  by  means  of  enzymes  and  others. 

in  selecting  the  technologies  that  were  considered  to  be  the  Best  Available,  there  was  no  formal 
consideration  of  the  economic  achievabiirty^^  or  the  environmental  benefits  resulting  from  the 
reductions  In  effluent  discfiarges.  Technologies  which  would  clearly  create  a  major  negative  effect 
on  aspects  of  the  environment  other  than  the  watenways  that  this  report  is  focused  upon  were 
avoided. 

2.7.4  Product  modifications 

Generally,  it  was  assumed  that  the  mlii  would  not  modify  the  production  rates  or  product  mix  when 
selecting  suitable  technology  for  effluent  discharge  control. 

It  is  recognized  that  there  are  many  potential  approaches  to  optimizing  environmental  impact  of  a 
pulp  or  paper  mill  which  would  involve  modifying  the  product  mix,  or  perhaps  terminating  some  or 
aii  of  the  manufacturing  activities  on  the  site  concerned.  Evaluation  of  such  options  would  be  a 
vast  undertai<ing,  and  would  require  analyses  of  effects  on  receiving  waters,  as  well  as  socio- 
economic impacts.  This  was  not  included  in  the  terms  of  reference. 

Changing  consumer  demands,  particularly  in  Europe,  couid  potentially  increase  the  demand  for 
different  types  of  paper,  or  at  least  variations  in  current  quality  standards,  particutariy  for  products 
manufactured  without  the  use  of  molecular  chlorine  for  bleaching.  It  is  well  known  that  the  majority 
of  Ontario  pulp  and  paper  products  are  sold  in  Canada  and  the  US,  as  confirmed  by  Bonsor 
(1988),  and  the  standard  references  such  as  Statistics  Canada.  The  extent  of  demand  for 
molecular  chlorine  free  paper  products  in  North  America  is  currently  less  evident  than  in  Europe. 
However,  many  pulp  manufacturers  and  customers  have  expressed  the  expectation  privately  that 
demand  for  low/no  molecular  chlorine  papers  will  grow  substantially.  The  authors  could  not  find 
sufficient  data  to  predict  such  market  trends,  and  did  not  consider  that  it  was  practicable  to  predict 
their  effects  at  the  time  of  writing.  Therefore,  product  modification  can  not  be  considered  as  a 
viable  BAT  alternative. 


^^    Analysis  of  Bconomic  achievability  will  be  the  subject  of  a  subsequent  report  prepared  by  the  Ministry  of  ttm 
Environment,  using  the  capital  and  operating  costs  discussed  in  this  report. 
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3  MANUFACTURING  PROCESSES 


SUMMARY  Pulp  is  an  intermediate  product  in  the  manufacture  of  paper  and  paper  products,  it  is 
manufactured  in  Ontario  by  a  number  of  quite  different  processes,  with  varying  environmental 
effects.  Kraft  and  mechanical  pulp  are  the  two  predominant  types  of  wood  pulp  produced  in 
Ontario,  and  in  the  rest  of  the  world.  Unbleached  kraft  pulp  is  manufactured  by  separating  the 
wood  into  its  individual  fibres  by  cooking  wood  chips  urxier  pressure  and  elevated  temperature  in 
a  digester  with  strong  alkali.  The  pulp  is  usually  bleached  by  molecular  chlorine,  chlorine 
compounds  and  related  chemicals,  and  then  dried  for  sale  or  used  on  site  for  papermaking. 
Mechanical  pulps,  produced  with  a  wide  degree  of  chemical  assistance  and  by  a  variety  of 
mechanical  pulping  equipment  are  used  extensively  in  Ontario  for  the  manufacture  of  newsprint. 
These  processes  discharge  oxygen  demanding  and  toxic  substances  that  may  be  reduced  to  very 
low  levels  by  biological  treatment  and /or  process  modifications.  Pulp  may  also  be  produced  by 
repulping  waste  paper  Some  waste  paper  will  require  deinking.  This  latter  process  is  a 
significant  source  of  solid  waste,  and  a  minor  source  of  oxygen  demanding  substances. 


Paper  manufacturing  operations  which  use  only  pulp  obtained  from  off-site  sources  as  their 
principal  raw  notorial,  generally  discharge  relatively  little  toxic  or  oxygen  demarxJing  material. 


3.1  Various  Categories  of  Pulp  and  Paper  Miiis 


SUMMARY  Paper  mills  manufacture  paper  ready  for  use  by  printers,  industrial  packaging  plants, 
or  end-use  consumers.  Products  include  newsprint,  office  paper,  tissues,  and  many  others. 
Pulp  mills  manufacture  wood  pulp,  an  intermediate  product  that  is  the  principal  raw  material  for 
manufacturing  paper.  The  pulp  is  generally  shipped  to  paper  mills  In  the  form  of  dry  bales. 
Integrated  mills  include  a  pulp  mill  that  provides  some  or  all  of  its  output  to  a  paper  mill  on  the 
same  site. 


In  Ontario,  there  are  eight  paper  mills,  ten  integrated  mechanical  pulp  mills  and  nine  kraft  or 
Integrated  kraft  mills  that  discharge  their  effluents  "directly"  to  watercourses,  as  opposed  to 
municipal  sewers. 

Distinctions  between  these  three  broad  categories  of  mtlts  are  not  always  clear,  because  It  Is 
common  for  integrated  mills  to  ship  a  portion  of  the  pulp  to  remote  paper  mills,  and/or  purchase 
some  of  their  pulp  from  remote  pulp  mills.  However,  the  differences  are  important  environmentally, 
because  an  integrated  mill  has  opportunities  to  reduce  effluent  discharges  by  recycling  between 
the  paper  and  pulp  manufacturing  operations.  This  option  is  not  available  when  the  processes  are 
hundreds  of  kilometers  apart. 

Pulp  and  paper  manufacturing  may  be  considered  as  a  series  of  Interrelated  unit  operations  or 
building  t)locks,  and  this  approach  Is  used  in  the  following  descriptions.  A  very  complete  review  of 
North  American  pulp  and  papermaking  technology  is  presented  in  the  "Pulp  and  Paper 
Manufacture"  series  of  textbooks  (Kocurek  1986-89).  Readers  desiring  a  more  compact  review 
may  consult  the  single  volume  "Handbook  for  Pulp  and  Paper  Technologists"  (Smook  1988). 
McCubbin  (1983b,  1984)  described  much  of  the  manufacturing  technology  with  emphasis  on 
environmental  protection  practices  of  the  Canadian  pulp  and  paper  irxJustry. 
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3.2  Wood  Preparation 

All  mills  producing  pulp  require  some  form  of  wood  preparation  plant.  This  plant  will  normally 
generate  some  effluent,  unless  all  the  wood  is  obtained  as  bark-free  chips  from  sawmills.  Usually 
the  wood  is  debarked  at  the  mill  site,  using  either  wet  or  dry  processes. 

An  increasing  proportion  of  the  wood  used  by  most  pulp  mills  is  in  the  form  of  chips  from  sawmills, 
although  only  a  few  mills  rely  totally  on  this  source.  The  sawmills  must,  of  course,  debark  the  logs, 
but  they  generally  use  dry  mechanical  debarkers.  Boise  Cascade  at  Kenora  arxJ  CPFP  at  Thunder 
Bay  have  manufactured  newsprint  from  dry  debarked  wood  for  several  years. 

Further  details  of  modern  wood  preparation  systems  may  be  found  in  Bonsor  (1988,  pg.  27-29). 
Refer  also  to  page  1 55  on  debarking  processes. 

Table  4  compares  the  effluents  from  the  debarking  processes  that  can  be  used  in  Ontario.  Note 
the  relatively  high  residual  bark  in  winter  conditions  for  the  dry  drum  debarker.  This  is  acceptable  If 
the  mill  stock  cleaning  and  screening  systems  are  adequate,  but  many  older  ones  would  require 
upgrading  If  a  wet  drum  debarking  system  was  converted  to  a  dry  one. 

Table  4  Comparison  of  debarking  processes 


Parameter 

Units 

Wet  drum 

Dry  drum 

Mechanical 
ring 

Effluent  flows 

m^/tonne 

3-20 

0-5 

0 

Suspended  solids 

kg /tonne 

15-50 

0-10 

BOD 

kg/tonne 

5-10 

0-3 

0 

Energy  consumption 

kWh/tonne 

20 

21 

3 

Dryness  of  bark 

%0D 

40-55 

50-55 

50-55 

Residual  bark 

Softwood  summer 

%wt 

0.5-1 

0.5-1 

0.2-0.5 

Hardwood  summer 

%wt 

0.5-1 

1-2 

- 

Softwood  winter 

%wt 

0.5-1 

1-2 

0.5-1.0 

Hardwood  winter 

%wt 

0.5-1 

1-4 

- 

Source;  Beak  1978,  except  that  mechanical  ring  barker  data  are  based  on  author's  experience. 

3.3  Principles  of  Pulping  Wood 

Converting  wood  into  pulp  consists  essentially  of  separating  the  wood  into  indrvkiuai  fibres  that  will 
be  suitable  for  paper,  paperboard,  or  related  products.  There  are  many  ways  of  accomplishing  this 
fibre  separation.  Some  processes  that  were  dominant  in  the  past,  and  are  frequently  encountered 
in  literature,  are  now  used  very  little.  These  Include  the  traditional  low-yield  sulphite  pulping 
process  that  is  no  longer  used  in  Ontario,  except  at  Kapuskasing. 

The  following  discussion  emphasizes  processes  now  used  in  Ontario,  and  some  are  likely  to  be 
Implemented  In  the  next  few  years. 

Simplistlcally.  one  can  consider  the  wood  fed  to  the  pulp  mill  as  containing  about  45%  cellulosic 
fibre,  and  the  rest  non-fibrous  components;  lignin  (20%  to  30%),  hemicellulose  (25%),  and 
extractives  (5%).    Chemical  pulping  methods  remove  most  of  the  non-fibrous  material,  whereas 
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mechanical  processes  allow  most  of  the  lignln  and  much  of  the  hemicellulose  to  remain  with  the 
fibre.  All  the  material  removed  has  high  a  BOD  and  some  of  it  is  toxic  to  fish. 

The  pulping  yield  is  the  weight  of  pulp  produced  from  a  unit  weight  of  oven  dry  wood,  and  varies 
widely  for  the  different  processes.  There  is  also  some  range  in  yields  for  each  process,  depending 
on  the  species  of  raw  wood,  quality  of  product  required,  and  technology  of  the  production 
process. 

In  pulping  systems  that  do  not  recover  the  spent  cooking  chemicals  and  sotut>le  material  from  the 
wood,  the  yield  Is  the  principal  process  parameter  affecting  effluent  quality^**.  The  quantity  of 
organic  material  released  In  a  pulping  process  is  inversely  proportional  to  the  yield,  so  tfiat  a 
system  operating  with  a  yield  of  90%  would  discharge  twice  as  much  organic  material  as  one 
operating  at  95%  yield.  The  BOD  of  effluent  is  roughly  proportional  to  the  organic  discharge  for 
any  one  type  of  process  within  the  practical  range  of  yield.  The  organic  matter  removed  from  the 
raw  wood  in  the  higher  yield  processes  degrades  more  rapidly  than  that  from  low-yield  processes. 
Therefore,  It  exerts  a  greater  BOD  load  per  unit  weight  than  the  organics  from  a  low-yield  process. 
In  pulping  systems  that  recover  the  spent  liquors,  effluent  quality  is  more  deperxient  on  the 
efficiency  of  the  recovery  process  than  on  the  pulping  yield. 

If  the  pulp  Is  bleached  with  chlorine,  as  In  some  delnking  mills,  and  as  in  most  kraft  and  low-yield 
sulphite  mills,  the  amount  of  chlorine  used  has  a  major  effect  on  effluent  quality. 

3.4  Chemical  vs  Mechanical  Pulping  Processes 

Traditionally,  pulping  processes  have  been  divided  into  two  principal  categories:  chemical  and 
mechanical. 

In  mechanical  pulping,  the  fibres  are  separated  by  application  of  mechanical  energy  under  wet 
conditions.  The  fibres  are  literally  torn  apart,  one  from  the  other.  In  true  mechanical  pulping  only 
about  5%  of  the  weight  of  the  original  wood  Is  lost  as  dissolved  organics  and  a  few  percent 
rejected  In  solid  form.  Product  yields  are  typically  90%  to  96%.  The  most  popular  mechanical 
pulping  processes  are  groundwood  and  TMP. 

Chemical  pulping  separates  the  wood  fibres  by  breaking  down  the  bonds  between  them  with 
chemical  reactants,  generally  at  temperatures  of  about  150  to  200  deg  C.  Up  to  60%  of  the  mass 
of  the  wood  can  be  converted  Into  soluble  organics  by  such  a  process,  so  the  yield  of  pulp  can  be 
as  low  as  40%.  Kraft  Is  by  far  the  most  widely  used  chemical  pulping  process.  Sulphite  is  the  only 
other  chemical  pulping  process  used  in  Ontario. 

This  simple  classification  Into  distinct  chemical  and  mechanical  categories  Is  now  technologically 
obsolete  because  of  the  number  of  hybrkJ  sulphite/mechanical  processes  developed  over  the  past 
25  years.  However,  the  terminology  is  still  widely  used  and  accepted. 


2*  A//  kraft  mifls.  and  a  very  fow  sulphite  mills  recover  the  spent  cooking  c/»mfca/s  and  soluble  matter.   The  only  sulphrta 
mill  within  the  scope  of  this  study  which  recovers  these  spent  liquors  is  at  Spruce  Fails. 
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3.5  Kraft  Pulp 


SUMMARY  The  kraft  process,  also  known  as  the  sulphate  process,  is  the  dominant  chemical 
pulping  process  in  Ontario  and  the  rest  of  the  world.  It  relies  entirely  on  chemical  actions  to 
separate  the  pulp  into  fibres,  and  is  most  commonly  used  to  produce  bleachable  grades  of  pulp. 
Current  chemical  recovery  and  bleaching  technology  was  developed  in  the  1930s  and  1940s,  and 
industrial  implementation  has  become  widespread  since  1945.  Production  of  pulp  and  discharge 
prevention  at  source  of  air  and  water  pollutants  are  inextricably  intertwined.  The  potential  for 
minimizing  effluent  discharges  is  greater  for  kraft  mills  than  for  other  types. 


The  kraft  process  is  used  to  manufacture  about  50%  of  the  pulp  produced  in  Ontario,  and  is  the 
dominant  chemical  pulping  process  In  Canada  and  aii  other  major  pulp  producing  countries.  This 
process  covers  a  fairly  narrow  spectrum,  with  yields  ranging  from  about  40%  to  55%.  The  kraft 
process  is  compared  with  others  in  Table  14  on  page  105. 

3.5.1  Debarking  and  chipping 

For  the  kraft  pulping  process,  the  log  is  debarked  and  chipped  as  discussed  on  page  155  and 
reduced  to  wood  chip  fragments  generally  12  to  18  mm  in  length.  The  environmental  significance 
of  chip  quality,  is  discussed  on  page  157. 

3.5.2  Kraft  process  description 

Kraft  pulping  utilizes  an  alkaline  solution  referred  to  as  white  liquor,  typically  about  10% 
concentration  of  Na^S  and  NaOH,  to  delignify  the  wood  for  fibre  separation.  The  series  of  cycles 
characteristic  of  this  process  is  schematically  illustrated  in  Figure  8. 

The  spent  cooking  liquors  (known  universally  as  black  liquor)  are  separated  from  the  pulp  by 
washers  following  cooking  in  the  digester,  and  are  treated  in  the  chemical  recovery  system.  The 
recovery  system  regenerates  the  cooking  chemicals  of  NagS  and  NaOH  while  utilizing  the  heat 
value  of  the  organic  residue  to  generate  steam  for  the  process.  The  chemical  recovery  system  is 
described  on  page  92. 

In  the  cooking  process,  the  extent  to  which  the  lignin  is  separated  from  the  pulp  is  expressed  as 
the  Kappa  number.  Typical  current  Kappa  numbers  are  shown  in  Table  6  on  page  70.  The  Kappa 
number  is  approximately  proportional  to  the  quantity  of  lignin  which  remains  attached  to  the  pulp 
fibres,  either  because  it  was  not  dissolved  in  the  cooking  process,  or  because  it  was  so  closely 
bound  to  the  fibres  as  to  be  difficult  to  wash  out.  Low  lignin  content  is  desirable  for  pulps  which 
will  subsequently  be  bleached  in  the  interests  of  reducing  bleach  chemical  consumption  and, 
where  chlorine  is  used,  the  consequent  discharges  of  organochlorines. 

The  Kappa  number  is  a  widely  used  test  (TAPPI  1988)  which  has  been  used  as  the  measure  of  the 
content  of  ligneous  and  related  organic  material  for  most  mitt  operations  and  research  work  in  this 
field.  The  permanganate  number  (or  "K  Number")  is  commonly  used  in  mill  operations  as  a  control 
test  because  the  analytical  procedure  is  simpler.  Although  it  is  related  to  the  lignin  content,  It  does 
not  have  a  linear  relationship  with  the  Kappa  number.  When  extended  delignification  is  being 
practiced  by  differing  processes,  the  Kappa  number  provides  a  better  representation  of  the  pulp 
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characteristics    for  the    purpose    of    predicting    effects    of    process    modifications    than    the 
permanganate  number.  For  tliis  reason,  only  the  Kappa  number  is  used  in  this  report. 


Wood   Chips 


Make-Up   Caustic   (NaOH) 


NaOH   + 


Lime   Mud 
Waslier 


\  NoaS        ^^,^g    Liquor 

■^  -^  Storage 


Water 
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Clorificr 


Sioker  and 
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'  Noj  SO4  + 
Organics 
Strong    Block 
Liquor 


Recovery 
Boiler 


Weak  Wash 

Make-Up   Saltcoke   (Na2S04) 
Figure  8  Kraft  process  concept 


In  general,  lowering  the  Kappa  number  of  a  pulp  prior  to  bleaching  leads  to  lower  discharges  of 
pollutants,  particularly  soluble  organics  (COD,  colour,  resin  acids  and  others),  and,  indirectly, 
chlorinated  organics  (AOX).  The  optimum  Kappa  number  for  the  pulp  leaving  the  digester(s) 
depends  on  many  factors,  including  the  existence  or  absence  of  downstream  processes  for  the 
reduction  of  Kappa  number.  The  ability  of  the  mill's  recovery  boiler(s)  to  burn  the  additional 
quantities  of  lignin  removed  from  the  fibres  where  cooking  is  extended  to  lower  Kappa  numbers, 
must  also  be  considered.  Several  processes,  including  oxygen  delignification  and  extended 
cooking,  are  available  for  reducing  the  Kappa  number.  These  are  discussed  in  Chapters  5  and  6. 

3.5.3  Digesters 

The  cooking  process  can  be  either  batch  or  continuous.  In  the  continuous  cooking  process, 
shown  in  Figure  32  on  page  168,  the  chips  are  preheated  in  a  steaming  vessel  before  entering  the 
digester.  Pre-steaming  removes  air.  non-condensible  gases  and  volatile  constituents  such  as  the 
terpenes.  After  entering  the  continuous  digester  the  chips  are  impregnated  with  cooking  liquor 
(\vhite  liquor")  at  a  controlled  temperature  to  ensure  uniform  penetration  of  the  cooking  liquor. 
After  impregnation,  the  temperature  is  raised  to  the  cooking  temperature  of  arourxj  165  deg  C  by 
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Indirect  heating  of  circulated  cooking  liquor  and  held  there  for  about  one  hour.  The  pulp  is  then 
quenched  to  about  1 25  deg  C  with  wash  liquor. 

In  most  continuous  digesters  Installed  after  1970,  diffusion  washing  Is  then  carried  out  In  the  lower 
region  of  the  digester,  removing  a  considerable  proportion  of  the  spent  chemicals.  The  wash 
temperature  In  the  lower  zone  of  the  digester  Is  80  to  85  deg  C.  This  ensures  suitable  blow 
conditions  with  little  or  no  mechanical  damage  to  the  fibres. 

In  batch  cooking,  shown  in  Figure  1 1  on  page  73  the  chips  arHJ  cooking  liquor  are  charged  into  the 
digester  which  is  then  sealed  and  raised  to  operating  pressure  and  temperature  according  to  a 
pre-determined  schedule.  After  digestion  the  pulp  is  blown  hot  Into  a  blow  lank  where  It  Is  diluted 
with  black  liquor  ar\6  then  pumped  to  the  washing  system.  Where  batch  cooking  is  used,  there  are 
several  digesters,  to  maintain  a  relatively  continuous  flow  of  pulp  to  the  downstream  equipment, 
which  is  invariably  designed  for  continuous  operation. 

3.5.4  Anthraquinone 

Anthraquinone  is  widely  used  in  the  pulp  and  paper  industry  in  Japan,  and  to  some  extent 
elsewhere.  It  was  well  established  in  the  textile  industry  before  being  used  in  the  pulp  industry.  It 
is  normally  used  in  a  soluble  form  commonly  known  as  SAQ.  In  the  context  of  this  report  the 
principal  interest  in  anthraquinone  is  its  potential  to  compensate  for  increases  in  recovery 
boiler  load  at  a  predictable  cost. 

In  the  kraft  industry,  the  increased  reaction  rate  attainat)le  with  anthraquinone  has  been  exploited 
to  increase  the  pulp  yield,  thus  reducing  the  quantity  of  dissolved  wood  which  has  to  be  burned  in 
the  recovery  boiler.  It  may  also  be  used  to  increase  production  in  mills  with  limited  capacity  in 
recovery  boiler  cr  cooking  liquor  preparation  systems.  Despite  the  lack  of  published  Information, 
the  authors  are  aware  of  many  mills  in  North  America  which  have  successfully  run  full  scale  trials 
with  SAQ.  The  pulp  companies  running  the  trials  have  generally  concluded  that  its  use  is 
technically  feasible,  but  that  the  cost  of  the  SAQ  exceeds  the  benefits  in  increased  yield.  In  Japan, 
a  high  proportion  of  kraft  mills  use  SAQ,  presumably  because  the  high  wood  costs  arxi  the 
relatively  low  costs  of  SAQ  make  it  more  economically  attractive. 

Holton  and  Chapman  (1977)  and  Ringley  (1991)  showed  that  anthraquinone  could  be  used  to 
improve  mill  pulping  yields.  In  the  kraft  industry,  the  promise  of  increased  yield  offers  a  means  of 
reducing  the  load  of  dissolved  wood  solids  on  the  recovery  boiler,  and  the  quantity  of  cooking 
liquor  that  has  to  be  prepared.  This  is  useful  to  compensate  for  the  introduction  of  effluent  quality 
Improvement  processes  for  prevention  of  discharges  at  source,  such  as  oxygen  or  ozone 
delignification,  which  increase  recovery  boiler  load  by  up  to  several  percent.  Anthraquinone  can 
be  used  to  compensate  for  up  to  7%  increased  load.  The  authors  are  not  aware  of  any  data 
showing  the  effect  of  anthraquinone  on  extended  cooking  processes,  so  have  not  assumed  its  use 
in  estimating  costs  of  process  modifications  in  this  report. 
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Table  5  Cost  of  anthraquinone  for  compensating  recovery  boiler  load 


Anthraquinone  Charge,  %  on  wood 

Units 

0 

0.03 

0.04 

0.06 

0.08 

Yield 

% 

48. 

48.56 

48.75 

49.13 

49.45 

Wood  input 

ODt/day 

2.083 

2,059 

2,051 

2,036 

2,022 

Effective  alkali  charge 

%  on  wood 

14.5 

14.13 

14. 

13.75 

13.5 

Unit  price  of  SAQ 

$Ag 

11 

11 

11 

11 

11 

Cost  of  softwood  at  mill 

$/ODt  wood 

140 

140 

140 

140 

140 

Organics  to  black  liquor 

ODt/day 

1,062 

1,038 

1,030 

1.015 

1,002 

Actual  chemical  charge 

ODt/day 

569 

548 

541 

527 

514 

Black  liquor  exit  digester 

ODt/day 

1,631 

1.586 

1.571 

1.542 

1,516 

Black  liquor  solids  :  pulp 

kg/tonne 

1,631 

1,586 

1,571 

1,542 

1,516 

Boiler  load  reduction  (organic) 

% 

0 

2^ 

3 

4.4 

5.6 

Anthraquinone  consumed 

kg/day 

0 

618 

821 

1.221 

1,618 

Cost  of  anthraquinone  consumed 

$/day 

0 

6,796 

9,026 

13.435 

17,796 

Wood  cost 

$/day 

291,667 

288,303 

287,179 

284,987 

283,114 

Saving  on  wood 

S/day 

0 

3,364 

4,487 

6,679 

8.552 

Evaporator  steam  @  $9/tonne  steam 

$/day 

18,000 

17,792 

17,723 

17,588 

17,472 

Saving  in  evaporator  steam 

$/day 

0 

208 

277 

412 

528 

Ume  kiln  fuel 

$/<*ay 

10,000 

9,629 

9.507 

9,266 

9.037 

Savings  in  lime  kiln  fuel 

$/day 

0 

37-1 

493 

734 

963 

NaOH  released  for  oxygen  delignification 

kg  NaOH/t 

0 

12.4 

16.5 

24.5 

32.2 

Net  cost  ol  anthraquinone 

$/day 

0 

2,854 

3,768 

5,609 

7.753 

Cost  for  bleached  pulp 

$/ADt 

0 

2.79 

3.69 

5.49 

7.58 

For  1000  ODt/day  softwood  pulp. 


Source  :  Holton  1983,  Bonsor  1988,  costs  updated  by  authors. 


Table  5  shows  the  costs  for  additions  of  various  anthraquinone  charges  to  the  digester  and  the 
corresponding  reductions  in  boiler  load  which  would  result,  assuming  production  was  held 
constant.  Notice  that  the  effective  alkali  charge  required  Is  also  reduced  by  the  use  of  SAQ,  which 
will  generally  compensate  for  the  additional  load  imposed  on  the  white  liquor  preparation 
equipment  for  supply  of  white  liquor  for  oxidizing  prior  to  use  in  an  oxygen  delignification  stage. 
These  data  are  based  on  research  and  mill  experience  with  conventional  cooking,  and  probably  do 
not  apply  to  digesters  using  extended  cooking.  The  authors  were  unable  to  find  published  data 
concerning  the  use  of  anthraquinone  with  extended  cooking. 

The  data  from  Table  5  concerning  boiler  load  reduction  and  net  cost  are  summarized  in  Figure  9. 
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Figure  9  Cost  of  anthraquinone  required  to  reduce  recovery  boiler  loading 

There  are  a  number  of  other  applications  that  have  been  developed  or  suggested  for  the  use  of 
anthraquinone.  Many  of  these  have  involved  the  mechanical-sulphite  group  of  pulps  and  take 
advantage  of  the  increase  in  pulping  rate  of  reaction  experienced  with  the  addition  of  small 
quantities  of  this  chemical  to  the  pulping  cycle  for  product  quality  enhancement  purposes.  The 
increased  reaction  rate  is  accomplished  while  maintaining  and  sometimes  enhancing  desirable 
pulp  qualities.  For  example,  anthraquinone  has  become  the  basis  of  variations  in  the  sulphite 
process  aimed  at  raising  pulp  strengths  to  more  competitive  levels.  None  of  these  other 
applications  has  any  great  effect  on  mill  effluents. 

3.5.5  Pulp  washing  and  screening 


SUMMARY  The  pulp  is  washed  to  separate  the  black  liquor  from  the  fibres,  then  the  fibres  are 
processed  in  screens  to  remove  partially  cooked  fibres,  shives  and  other  material  which  can  not 
be  bleached  satisfactorily.  The  efficiency  of  the  brown  stock  washing  system  is  one  of  the  keys  to 
the  operation  of  a  kraft  pulp  mill  with  minimal  effluent  discharge.  The  current  washing  and 
screening  processes  have  been  in  use  for  over  forty  years,  but  the  equipment  available  has  been 
improved  substantially  over  the  past  fifteen  years.  Equipment  in  the  Ontario  mills  ranges  from  the 
best  modern  systems  with  washer  losses  under  5  kg  soda /tonne  pulp  to  antiquated  equipment 
with  losses  up  to  ten  times  higher. 


The  lignin  and  related  material  separated  from  the  fibres  during  cooking  (known  as  "black  liquor") 
must  be  either  recovered  from  the  pulp  stream  by  the  washing  system  and  routed  to  the  chemical 
recovery  department  or  they  will  be  discharged  to  the  sewer  in  the  screening  system  or 
subsequent  operations.  The  black  liquor  is  toxic  to  fish  so  high  losses  from  the  washing  area  tend 
to  have  a  large  impact  on  effluent  quality. 

A  simplified  process  flowsheet  of  a  modern  brown  stock  washing  and  screening  system  is 
presented  in  Figure  10.  Note  that  most  pipes  and  tanks  contain  black  liquor  in  some  form,  so 
control  and  recovery  of  accidental  spills  is  essential  to  protect  effluent  quality.  The  pulp  from  the 
digester  contains  in  the  order  of  one  tonne  black  liquor  solids  per  tonne  of  fibre,  at  a  consistency  of 
about  10%,  so  that  there  are  9  tonnes  water  per  tonne  pulp.  The  wash  water  enters  the  second 
(last)  diffusion  washer,  and  flows  counter-current  to  the  pulp,  to  the  first  diffusion  washer  and 
thence  to  the  washing  stage  in  the  lower  part  of  the  digester  body.    In  each  washing  stage,  the 
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wash  water  picks  up  more  dissolved  black  liquor  solkls  and  the  pulp  becomes  successively 
cleaner  In  the  system  described,  about  98%  of  the  black  liquor  formed  in  the  digester  would  be 
separated  from  the  pulp,  but  the  remainder,  including  about  10  to  25  kg  of  organics  per  tonne  pulp, 
would  carry  on  to  the  screens. 

The  screens  and  related  pulp  cleaning  equipment  can  only  operate  at  low  consistency,  so  water  or 
wash  liquor  has  to  be  added  to  dilute  the  pulp  to  around  2%  solkjs,  that  is  to  say  about  50  tonnes 
water  per  tonne  pulp.  Refer  to  Figure  1 1  on  page  73  and  Figure  10.  After  screening,  the  pulp  Is 
rethickened  on  a  decker  to  about  12%  dry  sdWs,  so  that  excess  unbleached  white  water  is 
produced.  In  the  past,  a  few  mills  simply  added  fresh  water  to  dilute  the  pulp  after  the  washer  and 
discharged  the  excess  to  the  sewer  from  the  decker.  Even  the  less  efficient  operations  today 
recirculate  much  of  this  water.  However,  unless  all  the  unbleached  white  water  is  recycled,  the 
effect  of  this  dilution/rethickenirrg  operation  Is  that  most  of  the  organics  which  remain  in  the 
pulp  after  the  last  washing  stage  are  sewered  along  with  the  unbleached  white  water.  This  Is 
generally  considered  to  be  environmentally  undesirable,  and  in  the  1970s  context  when  BOD  was 
the  principal  criteria  for  defining  effluent  quality,  this  was  probably  true.  Today,  however,  it  may  be 
t>etter  to  discharge  these  organics  to  the  sewer  in  the  unchlorinated  form,  rather  than  to  have  them 
carry  on  with  the  pulp  to  the  bleach  plant,  if  they  will  be  chlorinated  and  then  discharged. 

There  tias  been  a  general  trend  toward  increasing  the  efficiency  of  existing  brown  stock  washer 
systems,  by  installing  additional  washing  stages,  better  washing  equipment,  and  by  improving 
instrumentation.  Most  new  systems  are  designed  to  operate  with  a  loss  of  under  7  kg  pulp  free 
soda,  expressed  as  sodium  sulphate  per  tonne  of  pulp,  arxi  most  Ontario  mills  report  losses  of  6 
to  10  kg/tonne.  Twenty  years  ago,  a  soda  loss  of  50  kg/tonne  was  not  uncommon. 

A  systems  approach  to  the  design  of  the  complete  pulping,  washing,  screening  and  liquor  recovery 
cycle  Is  essential  if  the  optimum  design  of  the  washing  and  screening  area  is  to  be  attained.  The 
necessary  theoretical  process  knov/ledge  was  available  by  about  1960,  but  the  amount  of  work 
and  time  lags  necessary  for  the  calculations  of  the  many  possible  alternatives,  limited  the  use  of 
this  knowledge  In  most  new  mill  design  projects.  Since  the  late  1970s,  cost  effective  and  efficient 
computer  teased  process  simulation  technology  has  been  available,  and  is  being  used  increasingly 
for  the  design  of  new  mills  and  optimization  studies  of  existing  installations. 

The  closed  screen  room  concept  has  been  discussed  in  the  literature  for  many  years,  and  is  used 
in  more  than  half  the  Ontario  mills.  Referring  to  Figure  10,  if  the  wash  water  entering  the  second 
diffusion  washer  is  replaced  by  unbleached  white  water  from  the  decker,  and  the  process  is 
controlled  so  that  all  the  dilution  required  for  the  screens  is  provided  by  recycled  unbleached  white 
water,  then  the  screen  room  process  will  be  "closed".  In  this  case,  the  fresh  wash  water  required  to 
carry  the  black  liquor  solids  back  to  the  chemical  recovery  system  would  be  added  to  the  decker 
showers. 
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It  Is  not  difficult  to  design  sucfi  a  closed  screen  system  on  paper,  and  it  is  quite  common  for  mill 
design  flowsheets  to  sliow  the  oniy  exits  of  liquid  from  the  washing  and  screening  process  as 
being  with  the  washed  pulp  and  the  weai<  black  ilquor  which  goes  to  the  evaporators.  However, 
the  operation  of  a  kraft  screen  room  system  without  any  excess  water  flowing  to  the  sewer  from 
the  screening  system  is  impractical  unless  all  aspects  of  the  design  of  the  system  and  the 
equipment  selection  are  appropriate. 


Waalt  Black  Uquor 
Row  to    Evoporotor 


u 

WoBh  Uquor 


Dackar 
Flttrota 
Tank 

,  EKcesa 
I  Unbleached 
I  White  Woter 
i(if  any) 


Figure  10  Modern  brown  stock  washing  and  screening  system 

When  discussing  closed  screening,  it  is  essential  to  recognize  that  the  term  "closed  screen"  is  not 
synonymous  with  a  "closed  screening  process".  The  term  "closed  screen"  refers  to  the 
construction  of  the  individual  screening  device  (identified  as  "primary  screen"  or  "secondary 
screen"  in  Figure  10)  where  the  screen  operates  under  pressure  in  a  closed  vessel  with  no 
opportunities  for  overflows  or  other  uncontrolled  discharges  except  in  the  unlikely  event  of  a 
rupture  of  the  vessel.  An  "open  screen"  Is  constructed  so  that  the  screening  surface  Is  open  to 
atmosphere,  Increasing  the  risk  of  overflows,  particularly  where  the  stock  has  a  tendency  to  foam. 

The  principal  variables  controlling  the  feasibility  of  operating  the  screening  systems  as  a  closed 
process  are  the  soda  loss  of  the  last  washer  upstream  of  the  screens,  the  wood  species  and  type 
of  washing  and  screening  equipment.  It  is  always  environmentally  desirable  to  minimize  washer 
losses,  and  in  current  practice  a  loss  of  under  5  kg  Na^SO^tonne  pulp  is  conskJered  excellent  and 
is  attainable  with  modern  equipment.  Pulp,  which  is  to  be  further  delignified  with  oxygen,  must  be 
well  washed  to  avoW  degradation  of  strength,  so  that  it  is  often  necessary  to  upgrade  brown  stock 
washing  systems  when  retrofitting  oxygen  delignification.  If  modern  pressure  screens  are  used,  a 
higher  soda  loss  prior  to  screening  is  more  tolerable  than  where  the  older  type  of  open  centrifugal 
screens  are  used.  In  resinous  types  of  woods,  it  is  usually  impracticable  to  operate  a  screening 
system  without  a  continuous  overflow  to  the  sewer  from  the  decker  when  open  type  screens  are 
used. 

Where  the  washing  and  screening  system  can  be  operated  on  a  closed  cycle,  It  results  in  the 
screen  room  and  decker  becoming  an  integral  part  of  the  washing  system.   Adding  an  additional 
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washing  stage  will  typically  reduce  the  effluent  BOD  from  this  area  by  about  60%  relative  to  a 
system  where  there  is  a  substantial  overflow  to  the  sewer  from  the  decker  seal  tank.  Most  of  the 
existing  mills  which  have  oxygen  bleaching  systems  operate  in  this  way,  and  an  increasing  number 
of  others  do  so  as  well. 

The  key  difference  between  open  and  closed  screening  systems  is  that  the  open  screen  room 
would  have  a  substantial  overflow  from  the  decker  filtrate  tank,  typically  5  to  15  m^/tonne  pulp. 
Most  of  the  residual  organic  material  which  is  not  recovered  in  the  pulp  washers,  flows  to  the  sewer 
In  this  stream  arxi  is  one  of  the  major  sources  of  BOD  and  toxicity  in  the  mill  effluent. 

It  Is  generally  desirable  to  operate  the  system  so  that  there  is  no  overflow  of  decker  filtrate. 
However,  a  careful  analysis  of  the  complete  black  liquor  system  is  required  to  determine  the 
optimum  method  of  operation  of  the  available  equipment.  In  a  bleached  kraft  mill  it  may  be  more 
environmentally  desirable  to  discharge  some  of  the  screen  room  decker  filtrate  than  to  have  the 
reskJual  black  liquor  reach  the  bleach  plant,  and  be  discharged  in  chlorinated  form. 

Foam  overflows  are  common  in  some  mills  and  contribute  to  effluent  toxicity  since  the  foam  is  rich 
In  resin  acid.  Modern  systems  minimize  foam  generation  by  avoiding  free  falling  liquid  streams  to 
the  extent  feasible  and  avoKJlng  the  open  screens  and  vacuum  washers  which  lead  to  air 
entrainment.  Overflows  are  generally  connected  to  other  tanks,  with  the  ultimate  overflow  at  a 
controlled  point,  usually  the  decker  filtrate  tank. 

Improvements  in  closure  of  brown  stock  screening  systems  have  taken  place  in  several  Ontario 
mills  in  recent  years,  and  mills  which  consider  their  brown  stock  screening  system  to  be  closed  are 
Indicated  in  ApperxJix  A.  Experience  has  shown  that  only  the  best  systems  operate  on  the  closed 
process  concept  at  all  times. 

3.5.6  Traditional  washing  equipment 

Traditionally,  kraft  pulp  has  been  washed  on  a  series  of  count  ere  un-ent  vacuum  drum  washers. 
The  pulp  Is  alternately  diluted  and  rethickened  on  drum  filters,  with  wash  water  flowing 
countercurrent  to  the  pulp.  It  is  applied  to  a  mat  of  pulp  on  the  drums  to  displace  the  black  liquor 
retained  between  the  fibres. 

This  type  of  equipment  uses  large  recirculating  flows  of  black  liquor  and  pulp  (about  100  m^/tonne 
per  stage)  which  can  be  a  major  source  of  accidental  spills  of  fibre  and  organic  material.  Up  to 
99%  of  the  washable  organic  material  can  be  recovered  from  the  pulp  with  this  equipment,  but  this 
would  normally  require  five  stages  of  drum  washers.  Most  mills  have  only  three  or  four  stages,  so 
only  93%  to  98%  of  the  organic  material  is  recovered  and  the  remairxier  is  discharged  to  the 
sewer. 
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3.5.7  Diffusion  washing  equipment 

Since  the  eariy  1970s,  many  new  installations  of  brown  stock  washing  equipment  have  used 
continuous  diffusion  washers.  The  earlier  units  operated  at  atmospheric  pressure,  while  some  of 
those  installed  in  the  1980s  operate  under  pressure. 

In  a  typical  atmospheric  unit,  pulp  enters  the  conical  bottom  of  the  unit  and  passes  slowly  upwards 
through  the  dlffuser(s).  There  may  be  one  or  up  to  three  in  series,  installed  vertically  above  one 
another.  The  washing  medium  is  introduced  into  the  pulp  through  rotating  distribution  nozzles, 
displacing  the  black  liquor  in  the  pulp  both  outwardly  and  inwardly  to  one  of  several  screen  rings. 
Displaced  liquor  is  collected  and  then  pumped  to  the  preceding  washing  stage.  The  washed  pulp 
is  discharged  at  the  top  of  the  drffuser  tank. 

A  feature  of  diffusion  washing  is  that  the  pulp  remains  at  about  10%  consistency  throughout  the 
washing  process,  eliminating  the  high  flows  of  recycled  filtrate  which  are  required  in  the  traditional 
drum  washing  system,  decreasing  pumping  power  and  substantially  reducing  the  volume  of 
potential  overflows. 

A  multi-stage  diffusion  washer  system  Is  also  used  in  a  few  cases  to  wash  batch  digester  produced 
pulp.  Stock  from  the  batch  digester  blow  tank  is  pumped  to  the  inlet  of  the  diffuser  tower.  The 
pulp  is  thickened  to  approximately  8%  to  9%  consistency  with  the  first  dffiuser.  The  subsequent 
washing  stages  operate  as  previously  described. 

Figure  10  is  a  simplified  representation  of  an  early  1980s  kraft  pulping,  washing  and  screening 
system  typical  of  the  recent  installations  in  Canada,  utilizing  diffusion  washers  and  closed  pressure 
screens  and  knotters.  Note  that  even  with  diffusion  washers  the  flow  of  decker  filtrate  (frequently 
described  as  unbleached  white  water  in  the  literature)  is  large  {typically  40  m^/tonne)  relative  to  the 
incoming  shower  water  flow  {typically  10  mVtonne)  so  that  any  imbalance  in  the  system  is  liable  to 
cause  substantial  overflows  to  the  sewers. 

The  pressure  diffusion  washer  is  an  equipment  variation  of  the  conventional  diffusion  washers 
described  above  for  single  stage  retrofit.  The  washing  performance  is  similar  to  the  diffusion 
washer,  but  cost  in  retrofrt  situations  is  usually  lower  and  installation  is  simpler.  The  pressure 
diffusion  washer  has  the  potential  to  allow  mills  to  Improve  washing  efficiencies  at  lower  cost  than 
in  the  past.  A  500  tonne/day  unit  would  be  approximately  1 .5  m  diameter  and  1 1  m  high,  which  is 
quite  small  relative  to  other  types  of  washer,  and  lends  itself  to  shop  fabrication,  which  generally 
reduces  total  installed  costs,  and  facilitates  retrofitting  in  an  existing  mill.  The  washing  equipment 
is  contained  within  a  pressure  vessel  allowing  operation  at  much  higher  temperatures  than  is 
possible  for  atmospheric  washers,  with  beneficial  effects  on  washing  efficiency.  The  closed  design 
eliminates  most  of  the  risks  of  spills  which  are  relatively  frequent  in  traditional  drum  washing 
systems. 

The  pulp  at  a  consistency  of  10%  to  12%  enters  the  top  of  the  pressure  diffuser  and  moves 
downward  as  a  mat  between  the  stationary  central  body  and  the  moving  perforated  cylindrical 
screen,  and  is  removed  at  the  bottom  of  the  vessel.  The  wash  medium  flows  from  the  central 
body,  through  the  pulp  mat,  through  the  moving  cylindrical  screen,  and  is  extracted  continuously 
through  an  extraction  header. 
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The  bert  washer  is  constructed  following  the  same  basic  principjles  used  to  make  sheet  forming 
devices  for  papermaking.  Some  of  these  devices  are  like  a  Fourdrlnler  wire  section  In  appearance. 
These,  and  similar  devices,  are  fitted  with  a  forming  area  and  have  vacuum  boxes  as  part  of  the 
wire  carrying  table.  The  boxes  are  placed  under  a  differential  pressure  that  Is  applied  by  blowers. 
There  are  several  variations  in  design,  but  the  main  features  are  generally  the  same. 

Belt  washers  are  capable  of  providing  at  least  7  washing  stages,  so  one  single  belt  washer  can 
replace  a  conventional  multistage  drum  washing  system.  This  results  in  well  washed  stock 
achieved  at  a  very  low  dilution  factor.  The  dilution  factor  is  about  half  that  of  standard  washing 
equipment  which  means  a  reduced  load  to  the  evaporator  system  and  to  the  effluent  treatment 
facilities  These  devices  are  not  suitable  for  incremental  Increases  In  washing  capacity,  but 
represent  an  efficient  replacement  of  an  overloaded,  or  worn  out  system.  Belt  washers  are 
included  In  the  technology  trains  for  mills  with  apparently  deficient  washer  systems;  that  Is,  with 
washer  losses  of  25  kg  or  greater  equivalent  salt  cake.  There  are  now  several  competing  vendors 
of  belt  washers  using  various  trade  names. 

Defoamers  are  frequently  used  to  control  foaming  in  the  pulp  washing  and  screening  areas. 
Some  of  these  additives  were  found  to  be  contaminated  with  DBD  (Dibenzo-p-dloxin)  arKl  DBF 
(Dibenzo-p-  furan).  in  the  bleach  plant  these  precursors  are  converted  by  chlorine  to  TCDD/TCDF, 
or  chlorinated  dioxins/furans.  (Voss  1988). 

When  these  products  were  identified  as  a  source  of  precursors,  pulp  and  paper  mills  switched  to 
defoamers  that  were  produced  from  raw  materials  free  of  DBD  and  DBF.  These  contaminates  were 
traceable  to  recycled  oil  and/or  specific  oil  sources,  and  a  switch  to  precursor-free  oil  resolved  the 
prolDlem.  Water  based  defoamers  are  available  and  a  number  of  mills  had  switched  to  these 
products  for  pitch  control  reasons  prior  to  the  dioxin  concern. 

All  mills  in  Ontario  use  only  defoamers  that  are  free  of  precursors,  and  the  regulations  currently 
proposed  by  Environment  Canada  will  presumably  ensure  that  this  practice  continues. 


3.6  Extended  Delignification 

Since  the  early  1970s,  several  processes  have  been  developed  to  extend  delignification  of  the  kraft 
pulps  beyond  the  conventional  levels,  all  of  which  are  environmentally  desirable  in  most 
circumstances  where  the  pulp  will  be  bleached  in  subsequent  processes.  These  are  summarized 
in  Table  6  and  are  discussed  in  detail  later  in  this  report.  The  process  described  as  "extended 
cooking"  is  also  known  as  "extended  delignification"  or  more  often  by  one  of  the  following  trade 
names: 


Modified  Continuous  Cooking 

MCC 

Kamyr 

Rapkj  Displacement  Heating 

RDH 

Beloit 

Super  Batch 



Sunds  Defibrator 
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Table  6  Extended  dellgnifJcatlon  processes 


Process  name 


Process  concept 


Attainable 
Kappa  number 
Softwood      Hardwood 


Traditional 
Extended  cooking 


Traditional  batch  or  continuous  coolcing 

Modification  to  digester  equipment  and  operating 
procedures  to  add  white  liquor  progressively  to 
the  wood,  permitting  lower  Kappa  numbers 
without  loss  of  strength 

Soak  unwashed  pulp  In  ISOdegC  for  about 
30  minutes  with  white  liquor  to  liberate  dissolved 
lignln  within  fibres  so  that  it  can  be  washed  out  in 
subsequent  washing  stages 

Application  of  gaseous  oxygen  to  dissolve  lignln 
at  approximately  12%  to  15%  consistency 

High  consistency  oxygen  Application  of  gaseous  oxygen  to  dissolve  lignin 
delignification  at  approximately  25%  to  30%  consistency 


30 

15 


18 
8 


Hot  alkali  extraction 


Medium  consistency 
oxygen  delignification 


Enzyme  bleaching 


Soiubilize  lignin  by  addition  of  enzymes  with 
xytenese  activity,  for  subsequent  washing  with 
water 


Ozone  delignification        Application  of  ozone  to  dissolve  lignin 


Up  to  50%  drop,  still 

under  laboratory 

investigation 

45%  drop  35%  drop 

50%  drop   35%  drop 

Full  scale  trials 
Indicate  20%  drop 
not  yet  commercial 

5-10 


This  table  is  relevant  only  to  bleachable  grades  of  pulp,  not  to  unbleached  packaging  or  iinerboard. 
Ozone  based  on  laboratory  bleaching,  no  full  scale  data  available  at  the  time  of  writing. 


3.7  Bleaching  of  Kraft  Pulp 


SUMMARY  In  Ontario  kraft  mills  the  pulp  is  bleached  immediately  after  the  washing /screening 
operation  in  a  continuous  bleach  plant  installed  adjacent  to  the  pulp  mill.^^  The  conventional 
bleaching  process  is  the  source  of  about  half  the  BOD,  all  the  organochlorines,  most  of  the  colour 
and  much  of  the  toxicity  In  the  effluent  from  a  typical  bleached  kraft  mill.  In  bleach  plants,  the 
lignin  is  first  converted  to  compounds  which  are  soluble  in  alkali  by  treatment  with  chlorine  and 
chlorine  dioxide,  and  then  washed  out  with  sodium  hydroxide  (caustic).  The  process  is  repeated 
two  or  three  times  with  sodium  hypochlorite  and/or  chlorine  dioxide  as  the  bleaching  agent. 
There  Is  a  trend  toward  extending  delignification  in  the  prebleaching  stages  to  reduce  the 
quantities  of  chlorine  based  chemicals  used  for  bleaching,  effectively  replacing  as  much  as 
possible  of  the  chlorine  with  other  bleaching  agents,  such  as  oxygen,  or  hydrogen  peroxide.  In 
some  cases,  chlorine  dioxide  is  used  to  substitute  for  all  of  the  molecular  chlorine. 


The  basic  technology  of  the  various  bleaching  processes  were  described  by  Kocurek  (1986-89), 
McCubbin  (1983b),  Bonsor  (1988)  and  many  other  authors,  and  it  is  assumed  that  the  reader  Is 
familiar  with  them. 


The  Domtar  Red  Rock  mill  is  an  exception  in  that  only  a  small  proportion  of  the  pulp  is  bleached,  and  the  remainder  Is 
used  in  an  unbleached  fomi  to  manufacture  Iinerboard. 
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3.7.1  Bleaching  terminology 

Table  7  shows  the  abbreviations  widely  used  In  discussing  bleaching  sequences,  and  which  have 
been  adopted  In  this  report  .  A  single  washing  stage  is  assumed  between  each  unit  operation 
unless  otherwise  indicated. 

Table  7  Abbreviations  for  bleaching  unit  operations 

Abbreviation Unit  operation 

C  Chlorination  stage,  where  pulp   is  treated   with   gaseous,   molecular  cNorlrw, 

prinnarlly  to  chlorinate  the  residual  llgnin,  so  tiiat  it  can  later  be  solublllzed. 
E  Caustic  Extraction.  Dissolution  of  reaction  products  with  sodium  hydroxide. 

Eq  As  "E"  above,  with  the  addition  of  about  5  i<g/tonne  elemental  oxygen.  Relatively 

new  (ig80s)  technology  which  has  rapidly  become  universal  in  Canada  and 

popular  elsewhere. 
O  Treatment  of  pulp  with  eiementai  oxygen,  In  alkaline  conditions. 

Z  Treatment  of  pulp  with  ozone,  under  acid  conditions. 

D  Reaction  with  chlorine  dioxide,  applied  as  an  aqueous  solution. 

C/D  Chlorination  stage  with  chlorine  dioxide. 

C^  Chlorination  stage  with  chlorine  dioxide  addition  after  Clg. 

Oq  Sequential  addition  of  chlorine  dioxide  followed  by  chlorine. 

H  Reaction  with  hypochlorite  (normally  sodium). 

P  Reaction  with  hydrogen  peroxide. 

Q  Chelating  agents  such  as  EDTA. 

Y  Reaction  with  dithionite  {also  known  as  hydrosulphite), 

W  Wash  stage.    {Indicated  only  where  a  washer  would  not  normally  be  expected, 

e.g.  WW  where  two  stage  washing  Is  installed). 

N No-wash  (Indicated  only  where  a  washer  would  normally  t>e  expected). 

Subscripts  frequently  used  to  indicate  percentage  substitution  of  molecular  chlorine  where  relevant  tor  example  C^tq 

would  imply  70%  substitution  of  molecular  chlorine  with  chlorine  dioxide. 

Most  mills  use  chlorine  dioxide  in  the  C  stage,  and  the  abbreviation  'C  is  often  loosely  used  to  refer  to  a  C/D  stage. 

The  term  oxygen  bleaching  Is  widely  used  to  refer  to  extended  delignificatlon  by  oxygen,  but  this 
Is  considered  to  be  a  pre-bleaching  technology,  or  delignificatlon,  and  it  has  been  discussed 
separately. 

Washed  softwood  pulp  arriving  at  the  bleach  plant  in  Ontario  mills^'  generally  contains  about  8% 
by  weight  of  lignin  and  related  material  which  gives  it  a  brown  colour,  similar  to  that  of  the  familiar 
paper  grocery  bag.  This  lignin  must  be  removed  without  excessive  degradation  of  the  fibres  if  the 
pulp  is  to  be  suitable  for  production  of  printing  papers,  either  white  or  lightly  coloured. 

To  bleach  kraft  pulp,  the  unwanted  lignin  is  first  converted  to  compounds  which  are  soluble  In 
alkali,  by  treatment  with  molecular  chlorine  or  chlorine  dioxide,  and  then  washed  out  with  sodium 
hydroxide  (caustic).  The  pulp  is  then  further  bleached  with  hydrogen  peroxide,  sodium 
hypochlorite  or  chlorine  dioxide,  and  washed  again  in  alkali  conditions.    Subsequent  treatment  is 


^  Subscripts  1,2  etc.  are  used  to  indicate  first,  second ....  stages  using  the  same  bleaching  ^ent    (Ep  E2.-)- 
^^  The  £.  S.  Eddy  mill  at  Espanola  is  an  exception  because  H  uses  extended  cooking  and  oxygen  deligniftcabon. 
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usually  by  chlorine  dloxkfe,  and  where  there  are  two  dioxide  stages,  an  Intermediate  alkali 
extraction  stage  with  a  washer  is  usually  employed.  The  i<raft  mill  flowsheet  in  Figure  1 1  includes  a 
typical  bleach  plant.  There  are  many  bleaching  sequences  used  in  kraft  pulp  mills,  and  no  two 
mills  In  Ontario  use  the  same  sequence,  as  indicated  in  Appendix  A. 

Each  washing  stage  generates  an  effluent  stream,  the  washer  filtrate,  which  contains  the  soluble 
matter  washed  out  of  the  pulp.  In  the  past,  the  filtrate  from  each  washer  flowed  directly  to  the 
sewer,  but  today  mills  practice  an  increasingly  Intensive  recycle  of  filtrates.  Generally  the  low  pH 
effluents  from  the  chlorination,  and  chlorine  dioxide  stage  washers  are  categorized  as  the  "acW 
sewer",  while  the  others  are  considered  as  the  "alkali  sewer"  In  the  technical  literature. 

The  quantities  of  chemicals  required  to  bleach  the  pulp  depend  on  wood  species,  quality  of 
unbleached  pulp,  product  quality  targets  and  the  bleaching  equipment  installed.  Typically  about 
100  kg  of  molecular  chlorine/tonne  pulp  or  equivalent  oxidizing  power  in  some  form,  Is  required  to 
bleach  softwoods  to  market  quality,  while  hardwoods  require  substantially  more. 

3.7.2  Pulp  quality 


SUMMARY  The  brightness  of  the  finished  pulp  is  a  key  criterion  in  Its  marketability,  particularly  in 
the  customer's  eyes.  Concerns  about  the  ability  of  the  oxygen  detignification  process  to  produce 
sufficiently  bright  and  strong  pulp  have  caused  many  companies  to  avoid  using  this  process 
although  it  has  a  number  of  environmental  advantages,  and  is  used  in  over  100  mills  around  the 
world.  If  the  normal  target  brightness  for  market  pulps  could  be  reduced  from  the  traditional 
90  ISO  to  80,  then  the  AOX  discharges  to  the  effluent  could  be  reduced  by  a  few  percent,  but  the 
total  AOX  discharge  to  the  environment  would  probably  rise  slightly,  and  there  would  be  no 
change  in  the  discharges  of  dioxins  and  furans. 

Ontario  kraft  pulp  is  sold  In  the  competitive  international  market,  and  Is  subject  to  the  demands  of 
papermakers  and  consumers  of  the  end  product,  whether  technically  sound  or  not,  so  it  Is 
probably  impractical  for  Ontario  to  legislate  market  quality. 


An  elementary  understanding  of  the  approach  used  to  measure  brightness  is  necessary  to 
analyses  the  technical  literature  on  the  environmental  aspects  of  pulp  bleaching.  When  a  surface 
has  the  ability  to  fully  and  diffusely  reflect  all  colours  in  the  same  proportion  as  they  are  contained 
in  sunlight,  the  reflector  is  said  to  be  pure  white  (such  as  magnesium  oxkje).  Absorption  of  one  or 
more  wavelengths  will  produce  observable  colour  changes.  The  assessment  and  comparison  of 
brightness  levels  requires  the  definition  of  a  measuring  system,  a  reference  standard,  and  suitable 
testing  equipment. 
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Batch  digesters,  conventional  bleaching  and  traditional  recovery  boiler 
Figure  11  Typical  knft  mill  flowsheet 
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Standard  Brightness  In  the  pulp  industry  has  been  arbitrarily  chosen  to  l>e  the  reflectance  observed 
from  a  sample  when  illuminated  with  a  light  wavelength  of  457  nanometers  (nm)  and  backed  by  an 
opaque  layer  of  Its  own  kind. 

The  rnajor  standards  are: 

The  General  Electric  Brightness  meter  which  has  given  way  to  new  technology  reflectance 

meters 
The  Eirepho  photoelectric  reflectance  photometer,  which  is  popular  In  Canada 
The  ISO  starxlard,  used  in  North  America  for  market  pulps  and  popular  In  Scarxlinavia. 

The  differences  in  brightness  values  obtained  by  these  three  meters  are  usually  only  about  one 
point  on  the  scale  0  to  100.  This  apparently  small  difference  is  occasionally  significant  in  the  case 
of  market  kraft  pulp.  There  are  no  absolute  conversion  factors  between  any  two  of  these 
standards,  but  as  a  rule  of  thumb.  92  GE  =  91  Eirepho  =  90  ISO. 

It  is  generally  considered  in  the  industry  that  market  kraft  pulp  must  be  90  brightness  or  higher  to 
be  competitive  on  the  international  market.  Integrated  mills  who  use  their  pulp  on-site  are  able  to 
use  a  little  lower  brightness  for  the  same  paper  grades  since  loss  of  pulp  brightness  in  shipping 
and  storage  is  avoided.  Except  for  a  few  integrated  mills  producing  special  grades  of  writing  and 
printing  papers,  it  is  usually  possible  to  meet  customer  requirements  using  pulp  with  brightness  In 
the  82  to  86  range. 

The  demands  for  high  brightness  are  brought  about  by  marketing  pressures  related  to 
attractive  packaging  and  media  advertising,  mostly  from  outside  Ontario.  The  German  market  is 
particuiariy  well  known  for  demarwjing  exceptionally  high  brightness  kraft  pulps,  which  is 
somewliat  ironic  since  the  German  regulatory  authorities  prohibit  the  manufacture  of  kraft  pulp  in 
their  country.  In  Germany,  television  advertising  Is  not  practised  and  the  magazine  industry  is  very 
large,  with  intensive  competition  in  the  advertising  community.  IHigh  brightness  levels  are 
frequently  stated  by  the  media  to  be  a  major  contributor  to  bleach  plant  pollution  discharges,  but, 
as  shown  in  the  discussion  below,  the  effect  of  product  brightness  on  effluent  characteristics  is 
minor. 

It  is  very  difficult  to  put  an  economic  value  on  these  last  few  points  of  brightness.  In  principle,  the 
marginal  value  of  one  brightness  point  would  correspond  to  the  amount  by  which  a  producer  has 
to  reduce  the  selling  price  of  his  product  of  89  brightness  to  sell  in  competition  with  an  otherwise 
kJentical  pulp  of  90  brightness.  There  are  no  references  in  the  literature  to  this.  One  of  the  authors 
has  experience  In  resolving  such  issues  with  customers  which  demonstrate  that  the  cost  of  being 
slightly  below  the  desired  brightness  levels,  or  marginally  off  specification  in  other  ways,  is 
generally  reflected  in  negotiated  reductions  in  selling  price.  These  reductions  are  highly  variable, 
and  appear  to  be  in  the  range  of  $15  to  $50/tonne  pulp.  In  cases  where  a  product  is  shipped  to  a 
customer,  and  discovered  to  be  off-grade  on  site,  due  to  unforeseen  brightness  reversion  or  other 
problems,  the  costs  of  satisfying  the  customers  requirements  can  be  much  higher,  since  they 
could  include  shipping  the  pulp  elsewhere  arKJ  replacing  the  unsatisfactory  shipment.  This 
uncertainty  is  the  cause  of  some  of  the  reluctance  to  change  established  and  proven 
manufacturing  processes  on  the  part  of  management  of  some  mills. 
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To  summarize,  brightness  is  a  key  criterion  In  determining  the  marketability  of  a  pulp,  but  the 
authors  are  unat)le  to  provkJe  the  cost  basis  for  an  economic  assessment  of  its  significance  relative 
to  effluent  discharge  control  costs  since  the  effect  on  pulp  selling  prices  Is  unpredictable. 

Pulp  strength 

The  strength  of  the  pulp  is  naturally  a  key  criterion  of  quality.  There  are  several  standard  tests 
used,  which  determine  the  load  to  rupture  a  pulp  specimen  under  various  conditions  of  tension, 
tearing  etc.  Strength  Is  a  more  pragmatic  and  less  emotional  criterion  than  brightness,  and  is  a  key 
factor  in  seliing  many  of  the  softwood  pulps  manufactured  in  Canada,  including  Ontario. 

Viscosity 


Viscosity  is  a  marketing  problem  for  mills,  since  many  customers  are  under  the  mistaken 
impression  that  viscosity  is  a  useful  measure  of  strength. 


To  control  the  bleaching  process  a  property  known  as  puip  viscosity  is  universally  used.  The 
objective  is  to  determine  the  degree  of  polymerization  of  the  puip  by  one  of  the  standard  tests, 
(e.g.  TAPPI  1988).  This  test  is  useful  for  control  of  the  bleaching  process  t)ecause  It  can  be 
performed  relatively  rapidly  and  simply  In  the  mill.  It  provides  a  good  prediction  of  the  strength 
properties  of  the  puip  for  any  one  t)leaching  line  whereas  the  above  mentioned  strength  tests 
cannot  be  performed  until  some  hours  after  the  pulp  has  been  bleached.  The  results  of  such 
strength  tests  are  of  limited  value  to  an  operator  who  must  adjust  the  chemical  dosages  frequently. 

Unfortunately,  the  widespread  use  of  viscosity  determination  as  a  process  control  tool  has  caused 
consWerable  misunderstanding  of  the  effect  of  new  bleaching  and  pulping  processes  on  pulp 
quality.  This  is  because  the  relationship  of  pulp  strength  (the  characteristic  the  customer 
should  be  concerned  about)  to  viscosity  is  not  absolute,  but  depends  on  the  bleaching 
process  and  chemicals  used.  Specificaiiy,  oxygen  deiignrfied  puip  has  a  lower  viscosity  than 
puip  bleached  entirely  by  traditional  chlorine  based  sequences,  whereas  its  strength  is  equal 
according  to  many  authors  (Croon  1971,  Jamieson  1973,  Schlelnkofer  1982  and  1983,  Libergott 
1985,  Munro  1987,  Tench  1987). 

This  change  in  the  relationship  of  viscosity  with  strength  holds  true  for  extended  deiignification 
whether  It  takes  place  internally  in  the  digester  or  externally  with  oxygen.  As  the  lignin  content  is 
lowered  the  Kappa  number  goes  down,  the  viscosity  falls  but  the  strength  does  not  follow  the 
viscosity  trerxl.  The  strength  levels  are  maintained  with  MCC  deiignification  even  at  very  low 
Kappa  numbers  as  illustrated  in  Tat)le  8.  Based  on  this  data  it  could  be  said  that  the  commonly 
used  viscosity  tool  is  risky  to  apply  below  a  Kappa  number  level  of  1 5. 
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Table  8  Pulp  strength  after  conventional  anci  extended  cooking  at  Longvlew  FIbra 

Kraft  pulp  for  Unbleached  Bleached  pulp  beater  tests  @  300  CSF 

Kappa  Vise.         Burst        Breaking  Tear  FoM 

No.  CP  factor       length         factor        endurance 

g/m*  m  g/m* 


Regular  soft 

28 

35 

80 

11,400 

78 

1440 

Super  soft 

15 

16 

76 

11.300 

80 

1520 

Super  duper  soft 

9 

10 

75 

10,900 

80 

1220 

The  viscosity  drop  from  16  to  10  Is  dose  to  40%  wtille  the  bre^ng  length  drop  I*  less  than  4%.  Source  Haas  (1990) 

3.7.3  Chlorine-based  bleaching  sequences 

All  kraft  pulp  bleached  in  Ontario  is  processed  by  conventional  processes,  but  often  with  relatively 
high  chlorine  dioxide  substitution  or  similar  sequences  .  This  range  of  processes  became 
established  In  the  1950s  and  has  been  the  subject  of  extensive  research  into  optimization,  the 
sources  of  environmental  contaminants,  arxJ  potential  mitigative  measures.  The  current  trend  In 
Ontario  and  elsewhere  is  to  further  increase  cNorine  dioxide  substitution. 

Many  North  American  kraft  puip  mills,  including  some  In  Ontario,  have  modified  their  bleaching 
equipment  to  be  able  to  operate  with  100%  substitution  of  chlorine  with  chlorine  dioxide.  It  is 
Increasingly  common  for  those  mills  to  operate  for  periods  as  long  as  several  days  to  produce  pulp 
grades  based  on  100%  substitution,  thus  avokfing  using  any  molecular  chlorine,  but  few  mills 
operate  continuously  in  this  mode.  Operating  costs  are  several  dollars  per  tonne  pulp  higher  than 
conventional  t)leaching  operations.  The  reports  of  actual  cost  differences  vary,  aryJ  much  of  the 
relevant  data  is  conskjered  as  t}eing  proprietary. 

The  efficiency  of  the  pulp  delignlficatlon  and  washing  stages  which  precede  the  bleach  plant  can 
have  as  much  impact  on  the  bleach  plant  effluent  characteristics  as  the  bleaching  process  itself. 
ReskJuai  llgnin  that  Is  not  removed  from  the  pulp  by  the  washing  system,  will  be  discharged  with 
the  bleach  plant  effluent,  usually  In  a  chlorinated  form  which  Is  normally  even  less  environmentally 
desirat)ie  than  the  lignln  and  associated  substances  themselves.  Effective  brown  stock  washing  is 
therefore  a  prerequisite  to  action  in  the  bleach  plant  ttsetf  to  minimize  effluent  discharges.  Any 
analysis  of  data  concerning  such  effluents  must  take  account  of  the  lignln  content  of  the 
unbleached  pulp. 

Any  process  which  reduces  the  iignin  content  of  the  pulp  entering  the  t>ieach  plant,  as  summarized 
in  Table  6  on  page  70,  will  reduce  the  consumption  of  molecular  chlorine  and  chlorine  based 
chemicals,  with  consequent  reduction  of  organochlorine  discharges. 


^   Eddy,  Espanola  is  an  exception  to  the  extent  ttjat  oxygen  delignlHcation  is  used  to  remove  approximator  half  of  fhe 
Iignin  separated  from  the  fibres  in  their  bleaching  process,  prior  to  chlorine  based  processing. 
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3.7.4  Chemical  requirements  for  bleaching 

The  quantftles  of  chlorine  and  cWorine  compounds  required  for  bleaching  vary  widely,  depending 
on  wood  species,  extent  of  delignlflcatlon  in  the  pulping  operation  and  the  design  of  the  bleach 
plant.  Long  retention  in  reaction  towers,  good  washing  between  stages,  modern  process  controls 
and  good  operating  practices  all  contribute  toward  lower  chlorine  consumption.  The  converse  is 
also  tnje. 

The  term  "chlorine  equivalent"  is  widely  used  to  define  the  "equivaient  bleaching  power"  of  the 
popular  bleaching  chemicals.  It  refers  to  a  simple  comparison  of  free  electrons  available  to  oxidize 
lignln  in  the  bleaching  reactions.  Common  values  are: 


CWorine  = 

1 

Oxygen  = 

2 

Hypochlorite  = 

2 

Hydrogen  Peroxide  = 

2 

Chlorine  Dioxide  = 

2.63 

Ozone  = 

3 

In  practice,  the  actual  values  vary  somewhat,  but  the  above  values  are  useful  for  rapid  estimates. 
With  the  disappearance  of  chlorine  from  an  increasing  number  of  bleach  plants,  the  term 
'oxidizing  equivalent"  Is  being  used  rather  than  "chlorine  equivalent". 

In  conventional  bleach  plants,  softwoods  generally  require  about  100  kg  chlorine  equivalent  tonne 
pulp  to  bleach  to  maritet  quality,  including  attaining  90  ISO  brightness.  Some  or  even  all  of  the 
chlorine  can  be  replaced  by  chlorine  dioxide.  In  practice  the  Ontario  mills  report  using  from  80  to 
1 10  kg  chlorine  equivalent  per  tonne  pulp.  Those  producing  higher  brightness  market  grades  are 
at  the  upper  end  of  the  range. 

Hardwoods  generally  require  about  25%  less  chlorine  equivalent  than  softwoods. 

Where  the  pulp  Is  delignified  beyond  conventional  levels  (about  30  Kappa  for  softwoods),  the 
quantity  of  equivalent  chlorine  required  drops  roughly  In  proportion  to  the  extent  of  delignification. 
However  the  ratio  of  chlorine  required: incoming  Kappa  number  Is  not  constant.  The  authors  have 
used  the  data  presented  in  Figure  12  to  estimate  chlorine  demand  for  various  pulping 
modifications.  These  curves  were  calculated  by  Mannisto  from  data  presented  by  Pryke  (1989) 
and  are  accepted  by  several  bleaching  experts  as  providing  a  good  estimate  of  relative  bleach 
chemical  demands. 
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Source:  Mannisto  1991 

Figure  12  Estimated  chlorine  demand  for  bleaching  softwood  pulps 

Other  chemicals  used  in  tileaching  include  sodium  hydroxide  and  sulphuric  acid.  They  have  no 
effect  on  organochlorine  discharges,  so  are  not  discussed  here. 

3.7.5  Alkali/oxygen  extraction 

The  use  of  relatively  small  quantities  of  oxygen  in  the  conventional  caustic  extraction  stage,  as 
shown  in  Figure  1 1 ,  has  been  shown  to  have  some  advantages  in  reducing  the  consumption  of 
chlorine  dioxide  in  later  bleaching  stages.  This  has  a  minor  impact  on  effluent  quality,  but  since  it 
decreases  the  input  of  chlorine  to  the  system,  it  reduces  the  discharge  of  chlorinated  organic 
compounds  by  about  15%. 

In  this  process  variation,  the  gaseous  oxygen  is  mixed  with  the  pulp  and  sodium  hydroxide 
immediately  prior  to  the  caustic  extraction  (E)  stage  of  a  conventional  CEDED  or  D^^EDED  (or 
similar)  bleaching  process.  The  gas  is  introduced  near  the  bottom  of  the  extraction  tower,  which  Is 
typically  aboiit  20  m  high,  where  the  hydrostatic  pressure  is  about  200  kPa,  and  the  oxygen  reacts 
with  pulp  almost  immediately  (Nonni  1985.  Massey  1984). 

Almost  all  Canadian  mills  have  installed  permanent  equipment  for  its  application. 

3.7.6  Effluent  flow 

All  the  water  used  in  the  bleaching  process  has  to  be  heated  to  the  operating  temperature  (30  to 
75  deg  C,  depending  on  the  stage),  so  that  any  decrease  of  water  use  normally  decreases  bleach 
plant  steam  consumption,  and  economies  of  a  few  dollars  per  tonne  are  common.  Since  bleach 
plant  effluents  are  not  normally  used  elsewhere  in  the  mill,  any  decrease  in  water  input  to  the 
bleaching  process  is  normally  accompanied  by  a  corresponding  decrease  in  effluent  flow. 
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In  the  1960s,  bleach  plant  effluent  flow  was  typically  atx)ut  100  m^/lonne  pulp,  but  this  has  been 
decreased  In  many  mills  by  various  process  modifications.  Some  mills  are  now  discharging  as 
little  as  25  m^/tonne  from  the  bleach  plant,  and  one  claims  occasional  effluent  flows  under 
15  m^/tonne.  The  reductions  in  effluent  flows  have  been  accomplished  primarily  by  countercurrent 
washing,  which  Is  the  recycle  of  filtrate  from  one  washing  stage  to  one  of  the  preceding  stages. 
The  concept  is  very  simple,  but  there  are  a  number  of  constraints  on  the  extent  to  which  filtrate 
reuse  can  be  implemented,  partlculariy  In  older  mills,  although  solutions  have  been  developed  to 
solve  many  of  the  problems. 

Corrosion  Is  the  most  general  problem  encountered,  since  recycle  raises  the  temperature  in  the 
process  as  well  as  the  chloride  concentrations.  The  pH  may  also  t>e  lowered,  which  terxjs  to 
accelerate  corrosion,  but  judicious  selection  of  the  filtrate  recycle  design  can  mitigate  this  to  a 
large  extent.  Stainless  steels  with  high  molybdenum  content,  titanium,  or  plastics  have  been  used 
In  many  recently  installed  bleach  plants  for  virtually  all  wetted  parts  to  minimize  maintenance  arxj 
to  allow  higher  chloride  concentrations  Chloride  concentrations  up  to  al>out  6000  mg/L  are 
considered  acceptable  in  some  mills,  which  theoretically  corresporxJs  to  effluent  flows  lower  than 
20  m^/tonne,  indicating  that  chloride  concentration,  in  itself,  is  not  yet  an  absolute  limit  on  effluent 
recycle  in  bleach  plants.  Where  titanium  has  been  used  for  chlorlnation  washers  and  other  critical 
parts,  It  has  been  successful  In  reducing  corrosion,  and  chloride  concentration  is  no  longer 
significant  as  a  constraint  on  filtrate  recycle,  although  the  capital  cost  is  substantial.  The  current 
trerxl  to  replacing  chlorine  with  oxygen  based  bleaching  and  delignification  agents  generally  leads 
to  reduced  flows  as  well. 

There  are  a  number  of  discussions  In  the  literature  concerning  the  potential  of  operating  bleached 
kraft  mills  with  little  or  no  effluent  including  a  report  on  the  only  attempt  at  building  a  full  scale 
effluent  free  kraft  mill  in  Thunder  Bay,  Ontario  (EPS  1980).  These  indicate  that  zero  effluent  will 
not  be  technically  feasible  In  the  near  future  but  that  considerable  progress  has  been  made. 
Nevertheless  a  substantial  reduction  in  effluent  flows  is  attainable  using  currently  available 
technology.  Refer  to  Chapter  6  on  emerging  technologies. 

3.7.7  Effluent  BOD 

The  BOD  of  bleach  plant  effluent  depends  primarily  on  how  much  of  the  unbleached  pulp  must  be 
extracted  to  attain  the  desired  brightness.  For  typical  softwood  plants  bleaching  to  a  brightness  of 
90  ISO  for  market  pulp  grades,  about  8%  of  the  original  pulp  is  extracted  and  discharged  to  the 
sewer.  In  the  case  of  hardwood  pulps,  the  shrinkage  is  normally  a  few  percent  lower.  A  common 
rule  of  thumb  for  estimating  discharges  from  bleach  plants  is  to  assume  that  the  BOD  expressed  as 
kg/tonne  is  50%  of  the  Incoming  Kappa  number,  provkJed  that  the  incoming  pulp  is  well  washed. 

The  extended  delignification  technology  has  provided  an  opportunity  to  significantly  reduce  the 
dissolved  solids  load  to  the  effluent  treatment  facilities.  By  lowering  the  Kappa  numt>er  in  the 
digester  with  MCC  or  MBC,  the  additional  iignin  removed  enters  the  recovery  cycle  and  Is  burned 
in  the  boiler.  With  oxygen  delignification  a  further  quantity  of  Iignin  can  be  removed  and  sent  to  the 
recovery  boiler.  The  material  removed  by  extended  delignification  (MCC,  MBC,  and  oxygen 
delignification)  would  othenArise  be  removed  in  the  bleach  plant  and  become  part  of  the  BOD, 
COD,  AOX,  and  other  dissolved  solids  load  that  must  be  detoxified  and  discharged  to  the  receiving 
waters.  There  Is  a  limit  to  the  removal  of  iignin  and  other  wood  components  possit>le  by  extended 
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detjgnification.  This  is  determined  by  site  specific  conditions  inclixJing  the  pulp  grades  that  are 
manufactured. 

If  the  pulp  entering  the  bleach  plant  is  not  effectively  washed,  the  residual  black  liquor  will  be 
removed  by  the  bleaching  equipment,  substantially  Increasing  the  BOD  apparently  due  to  the 
bleach  plant.  The  lignin  in  the  residual  black  liquor  will  react  with  the  molecular  chlorine, 
consuming  substantial  quantities  of  it,  increasing  bleaching  chemical  cost  and  Increasing  the 
concentration  of  organochlorines  in  the  effluent. 

Assuming  that  the  pulp  is  adequately  washed,  there  remains  a  range  of  possible  trade-offs 
between  the  degree  of  delignification  attained  in  cooking  and  that  in  bleaching.  Mills  that  cook  the 
pulp  to  lower  Kappa  numbers  (signifying  lower  resWual  lignin  content)  will  have  lower  bleach  plant 
BOD  discharges.  However,  in  practice  the  range  of  possible  variations  In  Kappa  number  is  limited, 
so  that  bleach  plant  effluent  BOD  is  normally  in  the  range  of  15  to  20  kg/tonne  puip.  In  any  one 
mill  the  decrease  in  bleach  plant  effluent  BOD  attainable  by  manipulation  of  the  unbleached  Kappa 
number  is  limited  to  a  few  kg  BOD/tonne,  except  for  the  case  where  oxygen  delignification  Is  used, 
where  BOD  reductions  in  the  order  of  50%  are  common. 

3.7.8  Organic  substances  in  bleach  plant  effluents 

Some  environmental  aspects  of  the  mass  balances  for  several  widely  used  bleaching  sequences 
are  shown  in  Table  9.  These  were  calculated  by  the  authors  for  typical  operating  conditions  for 
softwood  pulps.  In  all  cases,  most  of  the  fraction  of  the  original  wood  that  is  separated  from  the 
pulp  fibre  in  the  digester  is  burned  in  the  recovery  boiler,  with  under  1%  finding  Its  way  to  the 
effluent  system. 

The  first  three  columns  are  for  conventional  bleaching  systems.  For  each  tonne  of  semi-bleached 
pulp  (82  or  lower  brightness),  52  kg  of  dissolved  wood  solids  are  discharged.  For  a  pulp  with  a 
brightness  of  85  to  87,  62  kg  of  dissolved  solids  leave  the  system  while  for  fully  bleached  pulp 
(90  +  brightness)  73  kg  are  discharged.  These  quantities  of  dissolved  solids  Indicate  the 
approximate  quantities  of  the  oxygen  demanding  components  of  the  effluent,  and  will  exert  a  BOD 
which  is  in  the  order  of  20%  of  the  mass  flow,  equivalent  to  a  difference  of  about  4  kg  BOD/tonne 
pulp  between  semi  and  fully  bleached  puip,  In  mills  with  efficient  biological  treatment  systems  as 
envisioned  in  the  alternative  technology  trains  discussed  in  this  report,  the  effect  on  treated  effluent 
BOD  discharges  would  be  barely  detectable,  but  would  of  course  be  obvious  in  mills  without 
treatment. 

Of  the  73  kg  of  dissolved  solids  discharged  during  full  bleached  pulp  runs,  54  kg  or  74%  are 
created  in  the  initial  stages  of  the  bleach  plant.  By  dropping  the  brightness  to  the  mid  80s,  the 
dissolved  solids  decrease  to  63  kg  or  to  about  86%  of  that  resulting  from  fully  bleached  pulp.  By 
implementing  oxygen  delignification,  the  solids  load  discharged  to  the  effluent  would  be  reduced 
to  about  30  kg  per  tonne  or  about  58%  of  the  load  from  standard  bleaching.  Similar  reductions 
would  occur  for  the  other  levels  of  brightness. 
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Table  9  Brightness  of  pulp  and  effluent  discharges  of  varioui  bleaching  sequences 

Bleach  sequence CdED  CdEDED        CdEDED       OCdEDED     OCdEDED 

Brightness  level  (ISO)  <82 

Wood  to  digester  2189 

Unbleached  pulp  952.4 

Dissolved  In  oxygen  deligntflcation 
Solids  removed  from  puip  in  bleaching 

CdED  stages  52.4 

ED  stages  (last  two)  0.0 

Organics  to  bleach  effluent  52.4 

Unless  noted  otherwise,  units  are  expressed  as  OD  kg/ADt  bleached  pulp.  Refer  to  discussion  in  text  on  quantity  of 
chlorinated  substances  in  the  organics  discharged. 

3.7.9  Toxicity 

Kraft  mill  effluents  high  In  resin  acids  are  toxic  to  fish.  High  losses  of  black  liquor  solids  In  the 
pulping  and  recovery  areas,  are  a  major  fraction  of  the  total  mill  effluent  toxicity. 

Bleach  plants  are  frequently  mentioned  in  the  literature  as  a  major  cause  of  toxicity  in  l<raft  mills. 
There  is  evidence  that  much  of  the  toxicity  attributed  to  bleach  plants  was  caused  by  resin  acids 
being  carried  over  from  the  brown  stocl<  washing  to  the  bleach  plant,  and  subsequently  being 
washed  out  In  the  E  stage.  Where  the  unbleached  pulp  Is  well  washed,  the  bleach  plant  effluent  is 
a  less  significant  contributor  to  total  mill  effluent  toxicity.  Where  oxygen  dellgniflcation  was 
installed  upstream  of  a  bleach  plant,  using  50%  chlorine  dioxide  substitution,  the  whole  mill  effluent 
was  shown  to  have  lower  chronic  toxicity  to  fish  than  biologically  treated  effluent  from  a 
conventional  bleach  plant  (Foike  1991). 

A  number  of  mills  have  modified  the  bleaching  sequence  to  substitute  some  of  the  molecular 
chlorine  with  chlorine  dioxide  in  the  chiorination  stage.  The  degree  of  substitution  practiced  varies 
from  a  few  percent  to  100%,  with  values  around  10%  common  in  the  past.  Many  mills  have 
recently  installed  equipment  to  increase  substitution  substantially  In  response  to  public  and 
customer  concerns  and  100%  substitution  Is  becoming  Increasingly  common.  Increasing  levels  of 
chlorine  dioxide  substitution  generally  reduce  bleach  plant  effluent  toxicity,  although  the  reported 
data  on  this  are  variable  and  occasionally  contradictory. 

3.7.10  Colour 

Assuming  that  the  brown  stock  washing  and  black  liquor  recovery  systems  are  operating  properly, 
with  reasonably  low  losses  of  black  liquor  solids,  the  first  E  (caustic  extraction)  stage  of  the  bleach 
plant  is  by  far  the  most  significant  cause  of  colour  in  the  mill  effluent,  as  Indicated  in  Table  10.  The 
data  therein  are  based  on  Rush  and  Shannon  (1976),  and  are  typical  for  the  Canadian  irxlustry. 
The  units  used  are  APHA  chloroplatlnate  units,  so  the  kg/tonne  represents  an  abstract  quantity 
which  is  the  best  way  of  defining  the  total  quantity  of  coloured  material  discharged. 
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Table  10  Sources  of  bleach  plant  effluent  colour  for  traditional 
bleaching  process 


Stage 

Softwood 

Hardwood 

C 

SO 

26 

E 

226 

78 

D 

11 

€ 

E 

6 

4 

D 

1 

1 

TOTAL 

294 

115 

Data  are  shown  as  kg/ADt  pulp.  This  breakdown  is  typical  for  a  traditional 
bleach  plant.  Most  plants  are  generally  similar,  with  substantially  lower  values 
for  hardwood  and/or  any  process  modification  that  reduces  the  incoming  Kappa 
number,  such  as  oxygen  deligniftcation  or  extended  cooking. 

It  Is  clear  that  the  E-stage  is  the  most  significant  source  of  bleach  plant  effluent  coiour,  and  that 
process  modifications  to  prevent  colour  discharges  at  source  must  modify  or  eliminate  this  stream. 
External  treatment  processes  for  reducing  effluent  colour  are  usually  based  on  segregation  and 
treatment  of  this  effluent. 

A  number  of  chlorine  based  bleaching  sequences  have  been  developed  in  research  laboratories 
which  decrease  effluent  coiour,  and  to  some  extent  toxicity  and  BOD  (Sharpe  1975,  Wong  1978, 
Reeve  1982,  and  Chan  1983).  In  most  cases  they  involve  some  penalty  in  operating  cost  and/or 
pulp  quality,  but  they  have  been  judged  more  cost  effective  than  external  colour  removal  systems 
by  several  US  mills.  They  are  based  on  the  use  of  sodium  hypochlorite  to  replace  some  or  all  of 
the  sodium  hydroxide  in  the  extraction  stage,  and  usually  use  a  high  degree  of  chlorine  dioxide 
substitution  In  the  first  stage  of  the  bleaching  process. 

Where  an  oxygen  delignification  step  is  installed  upstream  of  the  bleach  plant,  the  quantity  of  llgnin 
entering  the  chlorination  stage  is,  of  course,  reduced,  with  corresponding  reduction  In  colour.  In 
addition,  the  installation  of  such  a  process  normally  implies  effective  brown  stock  washing  and  a 
closed  screen  room.  This  will  reduce  colour  discharges  by  up  to  a  further  50%,  depending  on  the 
original  losses  from  the  brown  stock  washers. 

Several  external  effluent  treatment  techniques  have  been  developed  to  decrease  the  colour  in 
bleached  kraft  mill  effluents  {Rush  and  Shannon  1976).  The  authors  are  aware  of  only  two  that 
have  remained  in  operation  for  more  than  a  few  years.  One  exception  is  a  site-specific  system  at 
Skookumchuk,  British  Columbia  which  relies  on  the  capacity  of  the  local  soil  to  absorb  colour 
bodies.  The  other  is  at  the  Leaf  River  bleached  kraft  mill  in  Alabama,  where  chemical  coagulation 
is  reportedly  used. 

Current  AOX  reduction  technology  generally  reduces  colour  substantially,  but  this  has  not 
been  analysed  in  the  report  since  colour  is  not  on  the  Ontario  Effluent  Monitoring  Priority  Pollutants 
List  (EMPPL). 
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3.7.11  Organochlorine  compounds 

Whenever  molecular  chlorine  or  chlorine  compounds  are  used  to  bleach  pulp,  a  wide  variety  of 
organochlorines  are  created.  The  majority  of  these  substances  are  formed  in  the  first  chlorination 
stage  of  the  bleach  plant,  and  appear  in  lx)th  the  chlorination  stage  and  the  subsequent  caustic 
extraction  filtrates  (Refer  to  Figure  1 1  on  page  73). 

Dioxint  and  Furans 

In  1985  the  poiychiorinated  dibenzo-p-dioxins  and  poiychlorinated  dibenzofurans  (PCDD/PCDF), 
commonly  referred  to  as  dioxins,  were  unexpectedly  detected  by  the  US  Environmental  Protection 
Agency  in  the  fish  collected  downstream  from  some  pulp  and  paper  mills  (Amendola  1987). 
Although  media  attention  has  focussed  on  the  2,3,7,8  Tetrachloro  dibenzo-p-dioxin  and  2,3,7,8 
Tetrachloro  dibenzofuran,  most  of  the  scientific  analyses  determine  the  concentrations  of  several 
homologues  of  PCDD  and  PCDF.  Refer  to  discussion  commencing  on  page  133.  These  findings 
provided  some  of  the  first  indications  that  pulp  and  paper  mills  employing  a  chlorine  bleaching 
process  might  be  a  source  of  PCDD/PCDF.  Other  sources  of  PCDD/PCDFs  are  incinerator 
emissions  (Swanson  1988)  and  PCP  contaminated  chips. 

The  PCDD/PCDFs  are  formed  when  unchiorinated  precursors,  i.e.  DBD  and  DBF  enter  the  bleach 
plant  along  with  the  pulp.  These  precursors,  particularly  DBF,  were  detected  In  some  oil-based 
defoamers  (Voss  1988).  The  use  of  these  defoamers  has  been  eliminated  from  all  Ontario  mills. 
The  over-chlori nation  of  organic  material  usually  leads  to  the  formation  of  PCDD/PCDFs.  The 
major  portion  of  these  compounds  is  formed  in  the  chlorination  stage.  The  following  operating 
conditions  also  contribute  to  formation  of  PCDD/PCDFs: 

The  pulp  is  not  washed  well  prior  to  chlorination 

High  chlorine  ratios  are  used 

The  chlorine  and  pulp  are  not  mixed  effectively 

The  chlorine  dosages  are  not  controlled  well 

The  chlorine  washer  effluent  is  recycled 

Chlorinated  water  is  used  in  the  bleach  plant  (Kringstad  1988). 

Most  mills  In  Ontario  and  elsewhere  have  modified  their  equipment  and  operating  practices  in 
accordance  with  the  above  list  over  the  past  few  years  to  reduce  the  formation  of  PCDD/PCDFs. 

Notice  that  all  these  conditions  that  are  known  to  affect  the  formation  of  PCDD/PCDF,  including 
the  TCDD/TCDF,  refer  to  the  pre-bleaching  processing  and  the  first  bleach  stages.  This  conclusion 
is  supported  by  the  NCASI/EPA  23  mill  study  (Dallons  1990),  Swanson  (1988),  and  Kringstad 
(1988).  The  present  authors  are  not  aware  of  any  evidence  or  chemical  theory  which  contradicts 
this  critical  conclusion,  it  is  well  known  that  the  brightness  of  the  pulp  produced  is  not  related  to 
these  early  bleaching  stages,  leading  to  the  conclusion  that  the  brightness  of  the  pulp  produced 
has  no  relation  to  emissions  of  TODD  and  TCDF. 
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AOX 

AOX  is  a  widely  used  way  of  expressing  the  organochlorine  content  of  an  effluent  or  other  sample. 
Up  to  about  7  kg  AOX/ADt  puip  are  normally  found  In  effluents  from  conventional  softwood  bleach 
plants.  The  Ontario  mill  AOX  discharges  ranged  from  approximately  1  to  6  kg/ADt  during  the  1990 
effluent  monitoring  program. 

Refer  to  page  126  for  discussion  on  the  prediction  of  AOX  discharges  from  a  complete  bleach 
plant.  AOX  discharges  can  be  reduced  substantially  as  discussed  In  Chapter  5. 

Histed  (1989)  and  Lindstrom  (1990)  indicate  that  under  0.1  kg  AOX  per  tonne  pulp  are  discharged 
from  the  final  three  stages,  regardless  of  the  extent  of  chlorine  dioxide  substitution  or  whether  the 
puip  is  deiignlfied  with  oxygen  prior  to  bleaching. 

3.7.12  Brightness  targets  and  effluent  characteristics 

Since  the  cfiaracteristics  of  bleach  plant  effluents  depend  on  the  bleaching  processes  arxJ 
quantities  of  the  different  chemicals  used,  It  is  important  to  understand  the  relationship  between 
brightness  and  discharges  of  organochlorines, 

Dioxins  and  furans 

There  is  abundant  evidence  that  2,3,7,8  TCDD  and  2,3,7,8  TCDF  are  formed  primarily  in  the 
chlorination  stage,  and  that  the  quantities  formed  depend  primarily  on  the  chlorine  multiple  and  the 
presence  of  precursors.  (Dallons  1990.  Voss  1988,  Rappe  1989,  Swanson  1988,  and  Kringstad 
1988).  It  is  not  uncommon  to  find  2,3,7,8  TCDD/F  In  the  filtrates  discharged  from  later  bleaching 
stages,  and  in  the  finished  pulp,  but  It  appears  that  they  are  simply  products  of  the  chlorination 
stage,  washed  out  by  the  subsequent  bleaching  processes. 

The  chlorination  stage,  together  with  the  subsequent  caustic  extraction  stage,  is  always  used  to 
remove  the  majority  of  the  lignin  in  the  pulp  remaining  after  cooking  and  any  oxygen  delignification 
stage  that  may  be  installed.  Refer  to  the  typical  kraft  mill  flowsheet  in  Figure  1 1  on  page  73.  The 
chlorination  stage  is  labeled  "C"  and  the  first  extraction  stage  is  immediately  to  the  right,  labeled 
"E"^.  Bleach  plants  operate  to  lower  the  Kappa  number  of  the  pulp  leaving  this  flrst  extraction  (E^) 
stage  to  a  level  where  the  pulp  becomes  bleachable.  This  "extracted  Kappa  number"  is  identical, 
regardless  of  the  brightness  of  the  final  pulp  to  be  produced.  At  this  stage  the  pulp  brightness  is 
typically  about  50  ISO. 

To  raise  the  pulp  to  the  levels  useful  In  an  integrated  mill  (80-85  ISO)  or  to  market  quality  (85- 
90  ISO),  chlorine  dioxide  (D1),  a  second  caustic  extraction  (Eg)  and  a  second  chlorine  dioxide 
stage  (Dg)  are  commonly  used  (shown  as  the  D  E  D  stages  in  Figure  1 1  and  often  known  as  the 
"final"  bleaching  stages).  Many  variations  of  the  quasi- standard  DED  stages  exist.   Including  DND, 


^  AJI  Ontario  mills  use  at  least  some  chlorine  dioxide  in  the  'C  stage,  so  it  should  strictly  speaking  be  labeled  'CD'. 
However,  it  is  common  practice  to  simplify  the  description  by  calling  it  the  'C'  stage.  Similarly,  most  mills  now  use 
oxidative  extraction,  which  may  be  labeled  'Eo'. 
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HDED,  HO  and  simply  D.  The  laner  would  be  used  where  a  slightly  lower  brightness  pulp  is 
required. 

The  quantity  of  bleaching  chemicals  used  in  the  final  bleaching  stages  will  depend  mostly  on  the 
quality  of  the  equipment,  operational  skill,  and  the  brightness  of  the  pulp  required,  with  about 
3  to  5  kg  chlorine  dioxkJe  per  tonne  pulp  required  to  reach  80  ISO  brightness  and  6  to  12  kg/tonne 
required  for  a  market  pulp.  Sodium  hypochlorite  was  widely  used  Instead  of  some  of  this  latter 
chlorine  dioxide  in  the  past,  but  its  use  is  declining  rapidly  due  to  pressures  to  reduce  formation  of 
chloroform  and  improve  pulp  quality. 

Whatever  the  variation  on  these  final  bleaching  stages,  the  total  discharge  of  2,3,7,8  TCDD 
and  2,3,7,8  TCDF  with  the  pulp  plus  the  effluent  will  be  identical,  because  the  unwanted 
substances  are  formed  In  the  chlorination  stage. 

AOX  discharges 

As  discussed  on  page  126  the  quantity  of  AOX  discharged  in  bleach  plant  effluents  depends 
primarily  on  the  quantity  and  type  of  chlorine  based  bleaching  agents  used  in  the  chlorination 
stage. 

Histed  (1989)  showed  that  the  AOX  discharge  from  softwood  bleaching  sequences  processing 
pulps  which  had  been  subjected  to  conventional  cooking,  with  and  without  oxygen  delignification 
was  concentrated  in  the  initial  DC  and  Eo^  stages,  and  that  in  either  case,  under  0.1  kg  AOX  per 
tonne  pulp  was  discharged  from  the  D^EgDg  stages.  Boman  (1991)  presented  data  indicating  that 
this  was  also  the  case  for  softwood  pulp  that  had  been  cooked  to  very  low  Kappa  (about  13)  by  the 
extended  cooking  technology  discussed  on  page  160. 

Although  both  the  above  mentioned  authors  described  AOX  discharge  from  the  D^EjDj  stages  of 
the  bleaching  process  as  "under  0.1  kg/tonne  pulp",  examination  of  their  data  indicates  tfiat  typical 
values  were  closer  to  0.05  kg/tonne.  After  biological  treatment,  the  contribution  of  AOX  to  the  final 
mill  effluent  would  be  somewhat  under  0.05  kg/tonne. 

Consideration  of  the  above  mentioned  mass  balance  for  the  dioxins  and  furans,  and  the  latter 
findings  by  Histed  and  by  Boman,  raise  the  question  as  to  whether  a  similar  situation  could  apply 
to  AOX,  In  that  the  latter  stages  of  bleaching  do  not  contribute  to  the  total  AOX  discharged  by  the 
mill  in  the  effluent  and  the  pulp. 

Histed  (1989)  presented  a  graph  indicating  that  the  decrease  In  llgnln-bound  chlorine  In  the  pulp 
through  the  DED  stages  was  greater  than  the  measured  organochlorine  content  of  the  filtrates 
discharged  from  these  stages.  This  suggests  that  perhaps  they  do  not  generate  any  AOX,  but 
rather  that  AOX  from  earlier  bleaching  stages  is  released  from  the  pulp  as  the  lignin  is  dissolved.  It 
appears  also  that  the  D^EgDj  stages  reduce  some  of  the  AOX  to  chloride.  This  mass  balance  is 
not  rigorous,  since  the  analytical  procedures  for  organochlorine  were  not  identical  for  the  pulp  and 
filtrate,  but  was  the  only  data  the  authors  were  able  to  uncover  indicating  the  prot>at>le  balance  for 
AOX  in  the  later  bleaching  stages. 
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There  appears  to  have  been  relatively  little  research  on  the  mass  balance  of  AOX  around  irxJIvidual 
stages  of  bleach  plants,  although  the  earliest  work  the  authors  are  aware  of  was  by  Histed  in  the 
1960s.  At  the  time,  Histed  and  his  co-workers  were  Investigating  the  causes  of  brightness 
reversion  In  tjleached  kraft  pulps,  and  the  current  analytical  procedures  for  AOX  had  not  been 
developed. 

These  data  led  the  authors  to  conclude  that  reducing  the  target  brightness  of  bleached  kraft  pulp 
from  90  ISO  to  80,  would  reduce  mill  effluent  AOX  discharges  by  under  0.05  kg/tonne  pulp.  There 
Is  evidence  that  bleaching  to  the  lower  brightness  targets  could  cause  a  net  increase  of 
organocWorine  discharges  by  transferring  the  AOX  load  to  the  paper  product. 

The  authors  concluded  that  reducing  brightness  targets  is  not  an  environmentally  soutKi  way 
of  controlling  AOX  in  the  effluents  from  bleached  kraft  mills,  and  ntay  be  marginally 
detrimental  to  the  environment^.  It  would  seem  appropriate  to  confirm  that  Hlsted's  data  are 
applicable  to  all  conditions,  since  they  may  have  a  significant  Impact  on  MOE  regulatory 
development.  It  would  be  desirable  to  undertake  a  detailed  mass  balance  for  AOX  on  all  stages  of 
a  typical  kraft  bleach  plant  to  estat>llsh  the  true  environmental  significance  of  the  later  bleaching 
stages. 

Closing  comment  on  kraft  bleaching  effluents 

Critics  of  the  pulp  industry's  environmental  protection  practices  frequently  suggest  that  it  would  be 
environmentally  desirable  to  abandon  bleaching  kraft  pulp  to  the  level  of  90  ISO  which  is  currently 
accepted  as  being  market  quality.  They  suggest  that  If  kraft  pulp  was  not  bleached  beyond,  80,  or 
82  brightness,  that  discharges  of  organochlorines  would  be  reduced. 

The  foregoing  discussions  show  that  the  major  fraction  of  the  environmental  load  from  bleaching  is 
developed  In  the  production  of  low  brightness  pulps.  Achieving  high  brightness  levels  by  further 
bleaching  of  these  pulps  is  accompanied  by  the  creation  of  a  lesser  quantity  of  additional  dissolved 
solkJs  than  produced  by  the  first  bleaching  step,  probably  no  measurable  amounts  of  TCDD  and 
TCDF,  and  the  transfer  of  AOX  from  the  pulp  to  the  effluent.  Although  the  additional  environmental 
Impact  of  high  brightness  is  relatively  minor.  It  is  commercially  very  expensive  to  produce.  One 
must  assume  that  market  pulp  producers  would  manufacture  a  lower  brightness  standard  If 
customers  would  accept  it. 


^   Th0S0  comments  nfer  to  production  of  pulp  for  to-day's  mills  and  the  currently  proven  bleaching  processes.    It  may 
well  be  environmentally  desirable  to  lower  brightness  targets  for  other  emerging  or  future  bleaching  processes. 
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3.8  Sources  of  Chemicals 


SUMMARY  Molecular  chlorine  and  sodium  hydroxide  are  produced  in  stoichiometrically 
equivalent  amounts  fr(yn  the  electrolysis  of  sodium  chloride.  Sodium  chlorate  Is  manufactured 
without  sodium  hydroxide  by  electrolysis  of  sodium  chloride.  Chlorine  dioxide  is  always 
produced  on-site  -  in  the  past  by  a  variety  of  processes.  The  current  trend  is  to  convert  to  the 
R8/SVP-Lite  processes  in  which  the  sodium  chlorate  is  reduced  by  methanol  with  lesser  by- 
products. Oxygen  is  obtained  from  distillation  of  air  at  a  central  plant  and  trucked  to  the  mill  or 
manufactured  on  site.  Ozone  is  manufactured  on-site  by  electricity  using  oxygen  as  a  feed  stock. 
Hydrogen  peroxide  is  produced  at  central  plants.  Enzymes  are  produced  at  a  central  plant  using 
selected  microorganisms  to  digest  a  nutrient  rich  substrate,  then  dissolving  the  organisms  grown 
and  isolating  the  enzyme  from  the  solute.  


3.6.1  Molecular  chlorine  and  sodium  hydroxide 

Molecular  chlorine  and  sodium  hydroxide  (caustic)  are  produced  by  electrolysis  of  salt  (sodium 
chloride)  in  several  centralized  plants  in  Canada  and  shipped  to  the  mills.  An  essential  factor  of  the 
production  process  Is  that  caustic  and  chlorine  are  provided  In  the  ratio  of  1.13  parts  caustic  to 
1  part  molecular  chlorine.  The  manufacturers  prefer  to  sell  to  pulp  mills  In  this  "Electro-chemical 
Unit'  (ECU)  ratio.  Historically,  the  chemical  balance  in  Ontario  mills  has  allowed  them  to  purchase 
In  the  desired  ECU  balance.  However,  the  recent  trend  toward  partial  or  complete  elimination  of 
molecular  chlorine  has  upset  this  balance,  leading  to  declining  prices  for  molecular  chlorine  and 
Increasing  prices  for  caustic.  If  molecular  chlorine  use  were  eliminated  completely,  then  alternative 
production  systems  for  caustic  would  have  to  be  Installed  by  the  chemical  suppliers.  The 
technology  is  known  and  proven,  and  Is  being  installed  on  an  industrial  scale.  The  pulp  and  paper 
IrKlustry  Is  a  major  but  not  exclusive  purchaser  of  these  chemicals,  so  that  prediction  of  the  effects 
of  changes  In  pulping  and  bleaching  practices  on  prices  and  availability  is  complicated  by  the  need 
to  predict  nnany  interrelated  IrKJustrial  trends. 

Molecular  chlorine  is  shipped  as  a  liquid,  under  pressure,  normally  by  rail.  Caustic  Is  shipped  by 
rail  or  truck,  normally  as  a  50%  or  73%  solution  in  water. 

3.8.2  Sodium  chlorate 

Sodium  chlorate  is  an  essential  feed  chemical  to  all  chlorine  dioxide  manufacturing  systems.  It  is 
manufactured  electrolytically.  normally  at  a  central  plant,  but  perhaps  at  a  mill  site.  The  pulp  and 
paper  industry  is  the  only  significant  industrial  user.  McCubbin  (1990)  indicated  that  there  would 
be  sufficient  sodium  chlorate  available  for  the  expected  increase  in  demand  as  mills  install 
Increased  chlorine  dioxide  generating  capacity.  Sodium  chloride  (salt)  is  the  feedstock. 

3.6.3  Oxygen 

Where  consumption  Is  under  about  1 0  tonne/day,  such  as  for  oxygen  assisted  extraction  in  bleach 
plants,  oxygen  Is  usually  manufactured  in  a  central  plant  and  trucked  to  mills  in  liquid  form,  ur>der 
pressure.  For  oxygen  delignification,  or  oxygen  based  activated  sludge  systems,  oxygen  is 
normally  purchased  from  a  dedicated  "over  the  fence"  supplier.  Oxygen  manufacture  requires  only 
air  arxJ  electrical  energy  as  feedstock. 
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3.8.4  Ozone 

Ozone  has  been  manufactured  electrolytically  at  the  point  of  use  for  many  years,  primarily  for  the 
disinfection  of  drinking  waters,  on  a  scale  comparat>le  to  the  possible  requirements  for  ozone 
delignlficatlon.  Oxygen  is  the  normal  feedstocl<. 

3.8.5  Hydrogen  peroxide 

Hydrogen  peroxide  is  manufactured  in  central  plants  and  shipped  to  mills,  most  commonly  by 
truck.  Most  of  the  hydrogen  peroxide  used  today  Is  produced  by  the  anthraquinone  process.  This 
Is  a  cyclic  process  wherein  a  working  solution  of  alkyl  anthraquinone  (RAQ)  is  sequentially 
hydrogenated,  oxidized,  subjected  to  extraction,  and  then  recycled  back  to  the  hydrogenatlon 
step. 

Hydrogen  peroxide  solutions  are  clear,  colourless  and  water-like  In  appearance.  Most  hydrogen 
peroxide  solutions  are  stabilized  with  tin  and  phosphate  compounds,  and  some  may  also  contain  a 
nitrate  salt  to  inhibit  the  tendency  of  any  chlorkle  ions  to  corrode  aluminium  storage  equipment. 

3.6.6  Chlorine  dioxide  manufacture 

Chlorine  dioxide  was  Introduced  to  the  pulp  and  paper  Industry  In  1946.  It  Is  always  manufactured 
on  the  kraft  mill  site,  since  it  Is  impractical  to  transport  significant  quantities.  While  the  principal 
objective  of  manufacturing  chlorine  dioxide  Is  to  produce  a  bleaching  chemical,  the  chlorine 
dioxide  plant  is  inextricalDly  linked  with  the  pulping/recovery  process,  since  most  of  the  practical 
processes  produce  significant  quantities  of  by-product  sulfur  and  sodium.  If  these  chemicals  are 
disposed  of  to  a  sewer,  then  the  loss  of  chemical  value  adds  substantially  to  the  mill  operating 
cost,  and  In  most  cases  the  acids  must  be  neutralized  with  lime,  creating  a  suspended  solids 
disposal  problem. 

The  chlorine  dioxide  processes  in  Ontario  mills  are  the  Mathleson,  Solvay,  R3,  R7,  R5,  SVP-UTE, 
and  R8  processes.  In  the  early  days,  mills  consumed  all  the  sulphur  by-products  from  chlorine 
dioxide  manufacture  due  to  the  traditionally  high  chemical  losses  from  the  pulping  cycle. 
However,  Increased  attention  to  operating  costs  and  environmental  pressures  have  reduced 
pulping  chemical  losses  substantially  over  the  past  35  years,  and  rendered  many  chlorine  dioxide 
processes  uneconomical,  since  there  Is  no  demand  for  the  by-products. 

The  Mathleson  Process  (Woodslde  1 953)  uses  sulphur  dioxide  as  a  reducing  agent  for  the 
chlorate: 

SOj    +    2Naa03    +    H,SO,    >    2CI0,    +    2NaHS0,  (1) 

The  Solvay  Process  (Schuber  1953)  uses  methanol  as  Its  reducing  agent: 

CH3OH  +  2Naa03  +   H^SO,   >  200^  +  HCHO  +   Na,S0,  +  2H,0  (2) 

The  stoichiometry  of  all  the  commercial  processes  can  be  satisfied  as  follows  (Atkinson  1981): 

2HCIO3   +   2Ha  >   2CIO2  +   CIg  +   2H2O  (3) 
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The  HOOj  is  fed  to  the  generator  as  NaCIOj  and  the  add  that  is  required  to  provide  the  H*  is  either 
hydrochloric  or  sulphuric  which  produces  sodium  chloride  or  a  form  of  sulphate. 

The  Solvay  arxl  Mathieson  processes  are  based  on  reactors  which  contain  a  liquor  of  30  to  40% 
HjSO^,  chlorate,  chloride  and  sodium.  The  reactors  are  agitated  with  air,  which  also  strips  the 
chlorine  dioxide  from  the  liquor,  dilutes  it  to  10  to  12%  and  carries  ft  safely  to  an  absorption  tower 
where  tt  is  contacted  with  5  to  10  deg  C  chilled  water  to  form  a  solution.  It  is  then  stored  as  an 
8  to  10  g/L  solution  of  chlorine  dioxide  In  vented  storage  tanks. 

The  Rx^VSVP  (McGilvery  1975)  processes  can  be  described  by  the  equations  (4)  and  (5): 

NaQOj  +  NaO  +  H^SO, >  QO^  +  1/20^  +  Na^SO,  +  H,0  (4) 

NaOOa  +  5Naa  +  3H,S0,  >  30^  +  3Na5SO,  +  SH^O  (5) 

The  R8/SVP-LITE  (or  RB/SVP-MeOH)  version  of  this  process,  which  is  being  used  increasingly,  is 
shown  in  Figure  13,  and  can  be  described  by  equations  (6)  and  (7). 

6Naa03  +  CH3OH  +  AHjSO, >  eOOj^  +  COa  +  2Na3H(SOJ2  +  5H,0        (6) 

12NaCl03  +  3CH3OH   +  8H,S0,  >  1200^  +  3HC00H  +  4Na3H(S0J2  +  DHp 

(7) 


There  are  commercially  competitive  versions  of  this  process,  which  differ  to  some  extent,  and  mills 
may  chose  one  over  the  other  for  various  reasons,  including  price.  However  these  differences  are 
unimportant  in  the  context  of  this  report. 

Tf>e  Rx/SVP  processes  operate  at  approximately  atmospheric  pressure,  at  high  acidity 
{450  to  500  g/L).  However,  the  reactions  take  place  at  a  lower  acid  normality  (147  to  196  g/L), 
higher  temperature  (70  to  80  deg  C).  and  a  lower  pressure  (165  to  210  mm  Hg  Absolute)  than  the 
other  processes.  Steam  is  the  stripping  medium  ar>d  the  diluent  for  the  CIO^  produced.  A  heat 
exchanger  provides  the  heat  to  evaporate  water  and  crystallize  the  sodium  sulphate  which  is 
filtered  off  and  sent  to  the  kraft  pulping  chemical  recovery  system.  The  unused  acid  plus  residual 
chlorate  and  chloride  are  returned  to  the  generator.  The  current  trend  toward  replacing  most  or  all 
of  the  chlorine  used  in  bleaching  with  chlorine  dioxide,  along  with  the  tendency  to  reduce  chemical 
losses  in  the  pulping  cycle,  results  in  more  by-product  sodium  sulphate  being  produced  than  the 
pulping  operation  requires,  so  the  excess  would  normally  be  discharged  to  sewer. 

R8  and  SVP-LITE  processes  are  chemically  similar,  but  are  offered  by  competing  suppliers.  The 
RB/SVP-Methanol  process  reactions  are  similar  to  the  Solvay  process  (Schuber  1953).  The 
reaction  is  carried  out  at  high  acidities  (294  to  441  g/L).  Very  little  by-product  chlorine  is 
produced.  The  by-product  sodium  sesquisulphate  must  be  neutralized  with  caustic  before  Its 
addition  to  the  recovery  system. 


^^  fix  refers  to  a  family  of  related  chtorine  dioxide  production  processes  R3toR7, 


September  1 ,  1991 ,  -89- 3.8  Sources  of  Chemicals 

IK   MC  'lit:  UTI(rt«  WK   t> 


N.  McCubbln  Consuttants  Inc. 


BAT  Daflnltion  Study,  Pulp  and  Paper  Sactor 


A  more  detailed  review  of  these  processes  has  been  published  by  Owen  (1990). 
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Figure  13  R8/SVP-MeOH  process  flowsheet 
Chemical  Isalances  for  the  various  chlorine  dioxide  production  processes  are  shown  in  Table  1 1 . 
Table  1 1  Chemical  balance  for  chlorine  dioxide  manufacturing  processes  used  In  Ontario 


Chemical 

Mathieson 

R3 

R5 

R8 

SVP/Methanol 

Sodium  chlorate 

1.90 

1.66 

1.74 

1.66 

1.68 

Sodium  Chloride 

0.19 

0.96 

0.03 

0.03 

SO, 

0.78 

Methanol 

0.14 

0.15 

HO 

1.27 

H,SO, 

1.47 

1.60 

1.05 

1.06 

NaOH 

1.19 

0.00 

0.08 

0.20 

Ca(OH), 

0.52 

By-products 

CNoride 

0.95 

Chlorine 

0^ 

0.70 

0.04 

0.05 

Satt  cake 

0.74 

2.2 

1.15 

1.16 

Eff.  Acid 

1.46 

0.11 

0.24 

AJI  data  expressed  as  kg/kg  chlorine  dioxide  produced 

Salt  cake  make-up  utilization 

Caustic  soda  used  as  pulping  chemical  make-up  at  35  kg/tonne 

The  extent  to  which  credit  can  be  tal<en  for  the  by-product  sodium  and  sulphur  from  each  process 
has  a  considerable  effect  on  the  operating  costs.  The  table  shows  quantities  of  the  various 
chemicals  involved,  all  per  tonne  chlorine  dioxide  produced. 
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The  by-products  are  a  mixture  of  sulphuric  acid  and  sodium  sulphate  in  most  cases,  so  that  any 
excess  must  be  neutralized  t>efore  toeing  discharged  to  the  sewer.  Appropriate  amounts  of  lime 
have  been  aiiowed  in  the  cost  estimates  in  this  report. 

A  review  of  the  systems  Installed  In  Ontario  Indicates  that  mills  with  R3  and  similar  processes  can 
convert  relatively  easily  to  R8/SVP-LITE  processes  or  stay  with  their  existing  process  in  order  to 
accommodate  the  pulping/bleaching  technology  changes.  The  associated  costs  were  estimated 
mill  by  mill  and  are  included  in  the  cost  estimates  discussed  in  Chapter  6. 

Chlorine  dioxide  Is  manufactured  on  site  at  the  pulp  mill.  In  the  Ontario  mills  covered  In  this  report, 
the  logical  way  of  expanding  chlorine  dioxide  capacity  to  satisfy  the  demands  of  the  alternative 
technology  trains  discussed,  is  to  convert  the  existing  R8/SVP  processes  to  R8/SVP-Lite.  James 
River  at  Marathon  has  already  commissioned  an  R8  generator,  and  Boise  Cascade  at  Fort  Frances 
has  almost  completed  construction  of  an  RB  generator.  Malette  at  Smooth  Rock  Falls  have  already 
purchased  a  new  SVP  process  generator  capable  of  supplying  sufficient  chlorine  dioxide  for  all  the 
process  alternates  discussed  in  this  report. 

Table  12  Chlorine  dioxide  generation  in  Ontario 

Company Town Status  1991 

Boise  Cascade  Canada  Ltd.  Fort  Frances  30  t/d  RB  start-up  1 991 

Canadian  Pacific  Forest  Products  Ltd.      Dryden  Can  expand  to  R8/SVP-Lite 

Canadian  Pacific  Forest  Products  Ltd.      Thunder  Bay  Can  expand  to  R8/SVP-L(te 

Domtar  Inc.,  Fine  Papers  Div.  Cornwall  Have  capacity 

Domtar  Inc.,  Containerboard  Division        Red  Rock  New  system  reqd,  see  below 

E.B.  Eddy  Forest  Products  Ltd.  Espanda  Can  expand  to  R8/SVP-Lite 

James  River-Marathon  Ltd.  Marathon  Added  R8  recently 

Kimberly-Clark  Canada  Inc.  Terrace  Bay  Can  expand  to  RB/SVP-Lite 

Malette  Kraft  Pulp  arxj  Paper  Co. Smooth  Rock  Falls   New  SVP-Lite  under  construction 

tn  this  table  'can  expand'  implies  that  the  systen^  can  be  expanded  to  manufacture  sufficient  chlorine  dioxide  to  operate 
the  bleach  plant  at  April  1991  production  rates  at  100%  substitution  in  the  first  bleaching  stage. 


The  two  exceptions  are  the  Domtar  mills  at  Cornwall  and  Red  Rock.  The  Domtar  (Cornwall)  mill 
has  sufficient  capacity  to  produce  the  necessary  chlorine  dioxide,  although  provisions  for  disposal 
of  the  additional  waste  acid  from  the  chlorine  dioxide  generators  will  be  required.  Each  additional 
tonne  of  chlorine  dioxide  will  cause  the  discharge  of  1.7  tonnes  of  sulphuric  add.  This  will  be 
neutralised  with  calcium  hydroxide,  creating  2.4  tonnes  of  calcium  sulphate  which  would  be 
disposed  of  to  landfill. 

At  the  Domtar  (Red  Rock)  mill,  the  quantity  of  chlorine  dioxWe  required  for  train  K1  on  page  243  is 
unusually  small,  so  the  cost  estimates  are  t)ased  on  Installation  of  a  generator  teased  on  reacting 
sodium  chlorite  with  mdecular  chlorine,  similar  to  the  chlorine  dioxide  generators  used  in  many 
potable  water  treatment  systems  in  municipalities.  For  the  alternatives  at  Domtar  (Red  Rock) 
which  require  larger  quantities  of  chlorine  dioxkJe,  the  cost  estimates  assume  that  a  small 
Mathieson  process  generator  would  be  installed. 


September  1,  1991.  -91  -  3.8  Sources  of  Chemicals 

^H   JM  'lit     ■•Txeio  B!K   t' 


N.  McCubbln  Contultants  Inc. BAT  Definition  Study,  Pulp  and  Paper  S«tor 


3.8.7  Enzymes 

Enzymes  are  manufactured  from  microbiological  cultures  grown  under  controlled  conditions  in 
closed  tanks.  After  digestion  the  culture  Is  isolated,  the  cells  are  broken  and  the  enzyme  of  interest 
is  isolated.  Proteolytic  enzymes  have  been  used  in  washing  powder  for  decades  to  remove  protein 
spots  from  doth.  Today,  enzymes  are  t>eing  developed  that  may  t>enefit  the  pulp  and  paper 
industry  and  some  of  them  may  improve  the  characteristics  of  pulp  and  paper  Industry  effluents. 
One  such  example  is  xylenese  (e.g.  Pulpzyme  from  Novo  Nordlsk),  an  enzyme  that  can  break  the 
bonds  between  cellulose  and  lignln,  facilitating  dellgnlfication  prior  to  bleaching,  as  a  supplement, 
or  perhaps  alternative,  to  oxygen  dellgnlfication.  Refer  also  to  Appendix  G. 


3.9  Recovery  of  Pulping  Chemicals 


SUMMARY  The  spent  kraft  pulping  liquor  removed  from  the  pulp  in  the  washing  stages  contains 
virtually  all  the  original  cooking  chemicals  and  organic  material  removed  from  the  wood.  The 
quantity  of  total  dissolved  material  depends  principally  on  the  pulping  yield  and  is  typically 
1500  to  1800  kg /tonne  for  kraft  pulp.  All  kraft  mills  in  Ontario  have  chemical  recovery  operations, 
using  the  technology  described  in  this  section.  Typically  96%  to  99.5%  of  the  spent  liquor  is 
recovered,  and  the  rest  becomes  part  of  the  mill  effluent  The  efficiency  and  reliability  of  the 
chemical  recovery  system  has  a  major  impact  on  all  effluent  parameters  except  those  related  to 
chlorinated  organics. 


3.9.1  Process  description 

The  fundamental  recovery  process  cycle  In  which  the  cooking  chemicals  are  regenerated  ar>d  the 
organic  resWues  burned  to  produce  energy  for  process  and  power  is  shown  in  Figure  8  on 
page  61  and  Figure  1 1  on  page  73. 

The  weak  black  liquor  removed  from  the  pulp  by  the  brown  stock  washers  is  concentrated  in  a 
steam  heated  multiple  effect  evaporator  to  about  50%  dry  solids.  This  liquor  Is  further 
concentrated  to  about  65%  to  80%  solids  concentration  either  by  direct  contact  with  recovery 
furnace  flue  gas  or  irxjirectly  in  a  forced  circulation  steam  heated  evaporator,  generally  known  as  a 
concentrator. 

The  strong  black  liquor  is  then  bumed  in  a  recovery  furnace.  The  organic  matter  bums,  provWing 
heat  for  steam  generation,  while  the  sodium/sulphur  salts  accumulate  in  the  hearth  of  the  furnace 
as  a  molten  smelt.  At  the  high  temperatures  and  controlled  conditions  employed,  the  Na^SO^ 
added  to  the  black  liquor  as  make-up  for  sodium  and  sulphur  losses  is  reduced  to  Na^S  as  follows: 

840degC 
NasSO^  +  2C >  NasS  +  200^ 

The  molten  smelt,  composed  mainly  of  Na^S,  Na^COg  and  some  unconverted  Na^SO^,  flows  by 
gravity  from  the  furnace  and  is  mixed  with  weak  wash,  the  filtrate  from  lime  mud  washing,  in  the 
dissolving  tanks.  The  greenish  colour  of  chromium  from  chrome  ore  used  to  form  the  furnace  bed, 
is  imparted  to  the  water  mixture  and  thus  it  is  universally  referred  to  as  green  liquor. 
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The  green  liquor  Is  pumped  to  a  green  liquor  clartfler  where  carbonaceous  ash  residues,  and  other 
Impurities  are  removed  by  sedimentation.  The  settled  residue,  known  as  green  liquor  dregs,  or 
simply  dregs,  is  washed  to  remove  soluble  sodium  salts.  The  dissolved  salts  are  returned  to  the 
system  while  the  dregs  are  either  hauled  away  for  larxJfili  or  discharged  to  the  sewer.  Typically 
about  0.5  kg  dregs  are  generated  per  tonne  pulp. 

The  clarified  green  liquor  Is  then  routed  to  the  caustlclzing  system  where  calcium  hydroxide  Is 
added,  In  the  slaker,  to  convert  the  sodium  carbonate  to  sodium  hydroxkJe  according  to  the 
reaction  below: 


Ca(0H)2  +  Na^COj  >  2NaOH  +  CaCOg 

The  reaction,  which  is  rather  slow,  begins  in  the  slaker  arxl  is  completed  in  the  causticizers,  which 
are  a  series  of  agitated  tanks  immediately  downstream  of  the  slaker.  The  calcium  carbonate 
formed  from  the  reaction  is  quite  insoluble  and  is  settled  out  of  solution  In  the  white  liquor  ciarrfier. 
The  clarified  solution  which  overflows  contains  the  two  major  active  cooking  chemicals,  NajS  and 
NaOH.  This  liquor  is  called  white  liquor  arxj  is  ready  for  re-use  In  the  digester. 

The  calcium  carbonate  removed  from  the  white  liquor  clarlfler  Is  pumped  to  a  lime  mud  filter  where 
it  is  thickened  and  washed  to  recover  sodium  salts. 

The  thickened  CaCO^  Is  then  calcined  in  a  direct  fired  lime  kiln,  which  converts  It  to  calcium  oxkJe 
as  follows. 

CaCOj  +  heat  >  CaO  +00^ 

The  CaO  produced  Is  recovered  and  used  in  the  slaker. 

The  only  solid  wastes  are  the  slakers  grits  which  are  non-reactive  lime  and  Inert  mineral  matter  and 
the  green  liquor  dregs  consisting  of  carbon,  ash  and  some  sodium.  This  material  carries  many 
trace  metals  in  the  form  of  hydroxides  or  carbonates.  This  exit  from  the  process  will  assume 
greater  importance  as  mills  approach  zero  process  effluent. 

The  principal  organic  discharge  in  the  chemical  recovery  system  is  the  evaporator  condensate, 
discussed  below. 

3.9.2  Evaporators 

The  weak  black  ilquor  Is  delivered  to  the  chemical  recovery  department  at  a  concentration  of  about 
14  to  18%  solids,  and  this  concentration  must  be  raised  substantially  by  evaporation  before  it  can 
be  fed  to  the  recovery  furnace.  Specially  designed  vertical  shell  and  tube  heat  exchangers  called 
evaporators  are  normally  used  for  this  evaporation  process,  arranged  generally  as  shown  in 
Figure  1 1 . 

Volatile  organic  compounds,  principally  methanol,  condense  In  the  shells  of  the  surface  condenser 
and  the  evaporators,  and  constitute  a  major  BOD  source.  There  is  a  discrete  condensate  stream 
from  each  of  the  several  evaporator  bodies,  but  the  BOD  distribution  Is  very  uneven.   It  is  normal 
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practice  In  the  more  modern  mills  to  segregate  the  condensate  streams  to  facilitate  reuse.  All  the 
condensate  is  hot,  and  the  less  contaminated  streams  are  suitable  for  use  in  the  recausticizing  and 
pulp  washing  departments. 

The  condensates  are  also  contaminated  with  small  quantities  of  black  liquor  carried  over  from  the 
vapor  heads  of  the  evaporators.  The  designer's  objective  is  to  minimize  this  carryover,  and  in  well 
designed  adequateiy  sized  units,  tt  is  usually  negligible.  However,  multiple  effect  evaporators  are 
not  easy  to  operate,  particularly  If  they  are  overloaded  or  pooriy  instrumented,  and  liquor  carry 
over  is  a  frequent  problem.  Several  kg  BOD/tonne  pulp  can  be  transferred  to  the  condensates  by 
this  carry  over,  arxi  will  pass  through  any  condensate  stripping  system.  More  seriously,  carry  over 
can  cause  foam  generation  in  a  condensate  stripper,  and  prevent  Its  operation  so  that  both  the 
volatile  BOD  from  the  true  condensates  and  the  BOO  of  the  black  liquor,  which  is  carried  over,  will 
be  added  to  the  mill  effluent. 

Since  the  environmental  aspects  of  evaporator  condensates  became  important  in  the  1970s, 
considerable  development  has  taken  place  in  the  design  of  systems.  A  modern  evaporator 
running  at  its  design  capacity  can  operate  with  only  a  few  percent  of  the  carry  over  of  black  liquor 
of  older  or  overloaded  systems.  Current  evaporator  design  criteria  require  a  maximum  of  1  gram 
sodium  carry  over/tonne  condensate. 

3.9.3  Evaporator  and  digester  condensates 

Contaminated  condensates  from  the  evaporators  and  the  digesters  are  similar  and  are  usually 
treated  together,  if  at  aii.  Figure  11  shows  the  source  of  the  evaporator  condensates  in  mills  with 
batch  digesters.  The  digester  condensates  are  recovered  from  the  vent  of  the  digester  blowing 
system  which  is  located  between  the  digester  and  the  brown  stock  washers,  but  is  not  shown  on 
the  drawing  due  to  lack  of  space.  The  source  of  digester  condensates  in  a  kraft  mill  equipped  with 
a  continuous  digester  are  shown  in  Figure  32  shown  on  page  168. 

These  condensates  contain  a  total  of  8  to  15  kg  BOD/tonne  pulp.  The  BOD  is  caused  by  alcohols, 
ketones,  terpenes,  phenollcs,  resin  and  fatty  acWs,  and  the  total  reduced  sulphur  (TRS) 
compounds.  Methanol  is  the  most  significant  factor  in  the  BOD  load.  Most  of  the  organics  are  low 
molecular  weight  substances  which  are  readily  converted  to  water,  carbon  dioxide  and  other 
harmless  compourxJs  in  a  biological  treatment  system  or  the  receiving  waters. 

Reported  96-hour  LC^^s  for  contaminated  condensates  range  from  0.04%  to  17%,  using  fish  as  the 
test  organism.  Many  of  the  contaminated  condensate's  components,  such  as  the  TRS 
compounds,  and  resin  and  fatty  acWs,  are  lethal  at  levels  well  below  their  concentration  In 
contaminated  condensates,  The  TRS  compounds  appear  to  be  the  dominant  factor  In 
contaminated  condensate  toxicity,  but  these  are  removed  very  effectively  in  biological  treatment 
systems. 

Contaminated  condensates  contain  about  0.3  kg  TRS  (as  S)  per  tonne  pulp.  Since  some  of  the 
TRS  compounds  in  the  condensates  are  stripped  from  aerated  lagoons  by  the  process  of  aeration, 
sewered  contaminated  condensates  can  represent  a  significant  source  of  odour  from  a  biological 
treatment  system. 
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Refer  also  to  Appendix  G  for  discussion  of  controlling  odour  and  reducing  BOD  by  condensate 
stripping. 

3.9.4  Soap  recovery 

Soap  skimming  has  long  been  a  part  of  the  kraft  process  but  In  recent  years  has  become  more 
Important.  A  major  reason  for  this  is  that  resin  acids  contained  In  the  soaps  are  one  of  the  major 
toxic  components  In  pulping  effluents  and  also  have  an  adverse  effect  on  biological  waste 
treatment  systems.  Soap  skimmings  consist  largely  of  the  resin  acids  and  fatty  acids  present  in  the 
original  wood  which  on  pulping  become  ionized  in  the  alkaline  liquor,  forming  their  sodium  salts. 
In  the  dilute  spent  cooking  liquor  these  salts  remain  solutrfe,  but  during  evaporation  they  "salt  out". 
This  usually  occurs  at  a  black  liquor  solids  concentration  of  25%  to  35%.  This  material  Is  termed 
soap  and  can  be  removed  by  a  rotating  paddle  at  the  surface  of  the  liquor  In  a  skimming  tank. 
Where  maximum  soap  removal  Is  desired,  the  skimmer  Is  normally  located  part  way  along  the 
evaporator  chain,  where  the  black  liquor  concentration  Is  around  30%. 

Approximately  80  kg  soap  Is  formed  per  tonne  of  kraft  pulp,  typically  containing  40%  resin  acids 
and  30%  fatty  acWs.  The  BOD  of  soap  approaches  100,000  mg/L,  and  Its  LC^  for  fish  hat  been 
measured  as  6  mg/L,  I.e.  moderately  toxic,  so  It  Is  obvious  that  soap  will  have  a  significant  effect 
on  effluent  quality  If  it  Is  discharged  to  the  sewer. 

An  adequate  retention  time  In  the  tank  (1 .5  to  2.5  hours)  permits  the  soap  to  float  to  the  top.  The 
skimmed  soap  may  be  converted  to  tail  oil  on-site  or  sold  to  an  external  tail  oil  plant.  Alternatively 
It  can  be  burned  In  the  recovery  furnace,  effectively  destroying  it  and  recovering  the  heat  and 
chemical  value. 

Since  the  soap  can  represent  up  to  10%  of  the  total  heat  load  on  the  recovery  boiler,  there  Is  an 
opportunity  to  reduce  the  load  on  the  latter  by  burning  the  soap  elsewhere.  It  is  fairly  common 
practice  to  ship  soap  to  other  mills  for  conversion  to  tali  oil  with  incineration  of  the  residue. 
Recently  some  mills  have  investigated  burning  the  soap  in  the  hog  fuel  boiler,  although  there  is  no 
published  literature  on  actual  operations. 

If  there  Is  no  soap  skimming  equipment  installed,  there  Is  a  tendency  for  layers  of  soap  to  form  on 
top  of  the  strong  black  liquor  storage  tanks  where  some  of  this  overflows  to  the  sewer.  Some  mills 
with  lower  soap  content  liquor  can  effectively  control  soap  losses  simply  by  Intermittently  pumping 
off  this  layer  and  incinerating  It.  If  there  are  no  specific  measures  taken  to  avoid  soap  discharge  to 
the  sewer,  then  It  will  raise  the  toxicity  of  the  mill  effluent.  A  spill  can  be  disastrous,  and  In  one 
case  there  was  a  twenty-minute  overflow  which  caused  fish  mortality  over  45  km  of  river. 

3.9.5  White  liquor  production 

The  molten  smelt  which  flows  from  the  smelt  bed  In  a  recovery  furnace  is  composed  mainly  of 
sodium  carbonate  and  sodium  sulphide.  This  smelt  drops  through  steam  shatter  sprays  into  a 
dissolving  tank  where  it  is  dissolved  to  form  green  liquor,  which  Is  then  causticized  by  mixing  lime 
and  water  in  a  slaker.  The  reaction  In  the  slaker  takes  place  at  around  1 00  deg  C. 

The  mixture  of  calcium  carbonate,  sodium  sulphWe,  sodium  hydroxide  and  water  produced  by  the 
causticizer  is  routed  to  the  white  liquor  clarifier  where  the  calcium  carbonate  settles  out.    The 
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darifler  product  Is  white  liquor,  which  Is  the  principal  chemical  ingredient  in  the  cooking  liquor 
required  In  kraft  pulping  as  described  on  page  60. 

The  settled  mud  Is  washed  by  dilution  then  rethickened  In  another  ctarlfier  known  as  the  lime  mud 
washer,  arxJ  then  thickened  to  about  70%  consistency  in  a  vacuum  filter  and  re-calcined  to  quick 
lime,  CaO,  In  the  lime  kiln.  A  few  mills  use  fluidlzed  bed  catciners  instead  of  lime  kilns. 

Virtually  all  mills  with  oxygen  deiignification  systems  use  a  portion  of  the  white  liquor  to  supply  the 
necessary  alkali  required  in  the  oxygen  reactor  White  liquor  contains  about  25%  sodium  sulphide 
(Na2S),  and  the  latter  must  be  oxidized  by  contact  with  air  or  elemental  oxygen,  as  shown  in 
Figure  32  on  page  1 68. 

3.9.6  Recovery  cycle  effluents 

Theoretically,  the  only  effluents  from  the  kraft  recovery  areas  would  be  evaporator  condensates, 
green  liquor  dregs,  and  slaker  grits  as  discussed  above.  However,  there  are  a  number  of 
intermittent  discharges  due  to  spills  of  black  liquor  which  can  be  up  to  20  kg/BOD  per  tonne  pulp. 
Good  design  and  operating  practices  will  reduce  these  spills  to  a  few  kg/tonne,  and  a  spill  control 
system,  as  discussed  on  page  189,  is  necessary  to  achieve  a  high  level  of  environmental 
protection. 


3.10  Recovery  Boiler  Capacity 


SUMMARY  The  capacity  of  the  mill's  recovery  boiler  Is  often  a  limiting  factor  in  attaining  a  high 
level  of  environmental  protection.  It  Is  always  technically  feasible  to  reduce  pulp  production  to 
release  whatever  recovery  boiler  capacity  is  required  for  environmental  protection  purposes,  but 
this  imposes  a  severe  economic  penalty.  Approximately  one-third  of  the  kraft  mills  in  Ontario  are 
presently  operating  with  recovery  boilers  at  their  maximum  capacity.  Replacement  of  an  existing 
boiler  would  be  expensive  for  those  mills,  but  there  are  a  number  of  potential  technical  solutions 
which  are  discussed  in  this  section. 


Oxygen  deiignification,  extended  cooking,  and  improved  brown  stock  washing/screening  can 
produce  up  to  12%  additional  black  liquor  solkJs  in  a  mill  which  currently  has  relatively  high  losses 
of  black  liquor  solkls  to  the  sewer.  Where  the  mill  already  has  good  washing  (soda  losses  under 
10  kg  Na^SO^  per  tonne  pulp),  the  additional  recovery  boiler  load  would  be  about  half  the  above 
value.  Refer  to  the  sections  of  the  report  discussing  these  process  modifications. 

The  operation  ar>d  design  of  the  recovery  boiler  are  very  important  in  the  regulation  of  atmospheric 
emissions,  and  adequate  recovery  boiler  capacity  is  essential  If  aqueous  effluent  discharge  is  to  be 
minimized.  Historically,  recovery  boilers  have  been  rather  undersized  relative  to  the  production 
capacity  of  the  other  processes  in  many  North  American  mills. 

Ideally,  all  organic  material  removed  from  the  wood  In  the  process  of  producing  bleached  kraft 
pulp  would  be  incinerated  in  the  recovery  boiler.  This  is  impractical  in  the  case  of  organic  material 
containing  chlorine,  since  the  chlorides  produced  will  accumulate  in  the  recovery  cycle,  causing 
severe  corrosion  and  will  eventually  prevent  Its  operation. 
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Modern  practice  Is  to  design  the  recovery  boiler  to  bum  all  the  organic  material  and  recovered 
chemicals  produced  from  the  cooking  and  brown  stock  washing  processes  In  the  mill.  Where 
delignlflcatlon  is  exterxjed  by  oxygen  bleaching,  special  cooking  procedures  or  other  techniques, 
an  additior\al  quantity  of  organic  material  is  produced,  which  It  Is  environmentally  desirable  to  burn 
along  with  the  conventtonatly  produced  black  liquor. 

All  mdls  practising  any  form  of  extended  deligniflcatlon  that  the  authors  are  aware  of  currently  burn 
the  additlor^l  black  liquor  produced.  This  notorial  may  lead  to  a  reductton  in  the  quantity  of  pulp 
that  can  be  produced,  so  the  Issue  of  the  capacity  of  the  recovery  system  to  process  all  the  black 
liquor  produced  is  critical  In  a  mill  attempting  to  minimize  the  discharge  of  aqueous  pollutants. 
However,  it  is  possible  to  profit  from  the  ability  of  extended  delignification  to  reduce  the 
discharges  of  organochlorines  without  burning  any  of  the  additional  liquor.  The  mill  would 
simply  be  discharging  the  same  amount  of  BOD  and  non-chlorinated  organlcs  as  before  installing 
the  extended  delignification  system.  A  more  probat^le  scenario  would  be  for  a  mill  to  burn  a 
portion  of  the  additional  liquor,  up  to  the  capacity  of  the  existing  recovery  boiler(s). 
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Figure  14  Typical  modern  recovery  boiler  system 
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3.10.1  Defining  capacity 

There  is  no  universally  accepted  definition  for  recovery  boiler  capacfty.  For  this  report,  It  Is  defined 
as  the  maximum  quantity  of  blacli  liquor  solids  that  the  boiler  can  bum,  safely,  reliably  and 
without  emission  of  excessive  quantities  of  ToUl  Reduced  Sulphur  (TRS)  gases.  The  latter 
cause  the  traditional  disagreeable  kraft  mill  odour.  Boiler  capacity  Is  nomrwily  specified  by  the 
boiler  manufacturer  in  terms  of  the  feed  of  liquor  solids  per  day,  and  this  value  Is  calculated  by 
considering  a  number  of  aspects,  including  the  heat  release  rate  In  the  furnace^,  gas  flows,  rate  of 
steam  generation  and  the  capability  to  reduce  sodium  sulphate  in  the  feed  liquor  to  sodium 
sulphide.  Chamberlain  (1981)  and  McCubbin  (1990)  discuss  practical  recovery  boiler  capacities. 

A  detailed  technical  study  is  required  to  assess  the  real  capacity  of  any  recovery  boiler.  In  most 
cases,  the  key  parameter  Is  the  total  calorific  value  of  the  black  liquor  solWs  fed  to  the  boiler,  since 
this  in  turn  detennines  the  quantity  of  air  required  to  achieve  satisfactory  combustion,  which  in  turn 
determines  the  flue  gas  flow  and  temperature.  This  is  significant  In  the  context  of  this  report,  since 
there  are  several  ways  of  reducing  the  calorific  value  of  the  liquor  fed  to  the  boiler.  These  can  be 
used  In  practice  to  solve  the  proljlem  of  Increased  production  of  black  liquor  sdWs  which 
accompanies  the  Introduction  of  processes  to  improve  effluent  quality. 

Overloaded  boilers  usually  have  to  shut  down  frequently  (several  times  per  year)  to  water  wash 
accumulated  saltcake  and  related  material  from  the  boiler  bank  (Refer  to  Figure  14). 

Personnel  safety  is  an  especially  important  issue  with  respect  to  recovery  boilers.  Experience  has 
demonstrated  that  kraft  mill  recovery  boilers  are  much  more  likely  to  explode  than  most  other 
boilers,  and  n^ny  have  done  so,  frequently  with  fatal  consequences.  Recovery  boiler  technology, 
including  the  safety  aspects,  has  improved  steadily  over  the  past  twenty  years.  Any  modifications 
of  the  recovery  boilers  to  Increase  their  capacity  to  burn  black  liquor  must  be  designed  to 
maintain  a  high  level  of  safety  for  the  operating  personnel.  Some  potential  modifications 
intended  to  Increase  recovery  boiler  capacity,  such  as  Increasing  the  consistency  of  the  feed 
liquor,  inherently  enhance  safety. 

3.10.2  Upgrading  existing  boilers 

In  practice,  the  recovery  boiler  itself  Is  usually  the  most  critical  element  in  the  chemical  recovery 
system.  A  mill  that  wishes  to  modify  the  production  process  to  improve  effluent  quality  by  recover 
and  incineration  of  organic  material,  can  be  faced  with  installing  a  new  recovery  boiler. 
Technically,  this  is  always  feasible,  since  the  technology  is  well  demonstrated  and  developed,  but 
the  capital  cost  Is  generally  in  the  50  to  100  million  dollar  range,  so  that  economic  constraints  are 
significant,  and  alternatives  have  to  be  considered,  including  reducing  the  load  on  the  boiler. 

There  are  several  ways  of  increasing  recovery  boiler  capacity  by  5  to  10%  as  required  by  oxygen 
deligniftcation,  extended  cooking  and  similar  processes  (Harsent  1990.  McCubbin  1990,  and 
Verloop  1 989) .  Many  have  been  developed  and  applied  in  the  past  few  years. 


^  The  'heat  miease  rate'  Is  essentiaify  the  feed  rate  of  Hte  fuei  find  to  the  boiler  multiplied  by  rts  ca/oriffc  value. 
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3.10.3  Reducing  boiler  load 


SUMMABY  It  is  often  more  practical  to  reduce  the  load  on  the  recovery  boiler  than  to  increase  the 
capacity  of  an  existing  installation.  It  is  necessary  to  analyses  the  mass  and  energy  balance  of 
both  the  boiler  and  the  complete  kraft  chemical  system  shown  in  Figure  11  on  page  73.  Careful 
consideration  of  the  capacity  of  each  piece  of  equipment  in  the  system  is  required  to  determine 
which  of  the  available  techniques  are  technically  and  economically  feasible.  The  items  discussed 
below  show  that  there  are  a  number  of  ways  of  obtaining  several  percent  additional  capacity  from 
marry  boilers.  The  list  Is  not  exhaustive  since  there  is  extensive  scope  for  engineering  Ingenuity  in 
this  field. 


Most  mills  already  practice  some  of  these  techniques,  but  none  practice  all  of  them,  so  the 
attainable  reduction  in  boiler  load  will  vary  from  mill  to  mill.  The  simplest  way  of  reducing  load  on 
the  recovery  boiler  is,  of  course,  to  reduce  the  production  of  pulp.  The  economic  cost  of 
decreasing  production  will  generally,  however,  be  large  and  will  be  the  least  attractive  option 
availat^le  to  the  mill. 

If  the  soap  is  separated  and  sold,  burned  outside  the  recovery  boiler  or  converted  to  tall  oil,  the 
heating  value  of  the  t>lack  liquor  Is  dropped  by  4%  to  8%.  IHardwoods  would  be  at  the  low  erxi  of 
the  scale,  and  softwoods,  the  top.  Several  Ontario  mills  already  practice  soap  separation  so  the 
scope  for  using  this  technique  for  further  reduction  in  boiler  load  is  limited.  The  authors  have 
assumed  that  this  approach  to  reducing  recovery  boiler  load  Is  not  available  to  any  of  the  Ontario 
mills  for  the  purposes  of  cost  analyses  in  this  report. 

Oxidizing  the  black  liquor,  using  well  demonstrated  processes,  will  reduce  the  heating  value  of 
the  liquor  by  2%. 

Where  a  mill  has  inadequate  storage  for  black  liquor  and  other  recovery  cycle  streams,  the  boiler 
never  operates  optimally,  and  can  lose  several  percent  of  its  capacity.  At  least  one  mill  known  to 
the  authors  has  added  5%  to  its  effective  recovery  boiler  capacity  by  increasing  black  liquor 
storage  capacity  from  3  hours  retention  to  24  hours  retention,  which  allowed  the  operators  to 
adjust  the  boiler  for  optimum  operation.  This  major  improvement  in  capacity  was,  of  course, 
possible  only  t>ecause  previous  operation  was  poor.  The  effect  of  increased  t>lack  liquor  storage 
on  effective  boiler  capacity  is  very  mill  specific. 

A  number  of  mills  in  North  America  and  Europe  transport  black  liquor  to  other  mills  lor 
incineration,  sometimes  buying  t)ack  the  white  liquor  produced.  This  is  a  practical  solution  for 
overloaded  recovery  boilers  if  there  is  a  mill  with  spare  capacity  within  about  300  km 
(McCubbin  1990). 

As  mentioned  on  page  62,  addition  of  anihraquinone  to  the  digester  has  been  demonstrated  to 
increase  the  pulping  yield  by  up  to  2.5%,  which  reduces  the  production  of  black  liquor  organic 
solids  by  up  to  6%,  corresponding  to  somewhat  larger  reduction  in  total  solids  load.  Yield 
increases  of  1  %  with  boiler  load  reductions  of  about  6%  are  typical  of  mill  operating  practice. 

At  least  one  Ontario  mill  uses  anthraquinone,  and  over  60%  of  Japanese  mills  and  many  others  in 
the  worid  do  so.  The  operating  cost  of  compensating  for  various  increases  in  recovery  t>oiler  loads 
caused  by  the  Introduction  of  oxygen  delignification  Is  shown  in  Figure  9  on  page  64.   The  capital 
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cost  Is  negligible.  There  Is  no  evidence  that  this  approach  would  be  successful  If  the  Increase  In 
boiler  loadings  Is  due  to  the  Introduction  of  extended  cooking. 

High-consistency  iiquor  firing  Is  gaining  acceptance  (Hyoty  1988).  This  Involves  Installing  an 
additional  black  liquor  evaporator,  sometimes  known  as  a  'super  concentrator"  to  raise  the 
consistency  to  around  80%  dry  solids.  Such  liquor  Is  more  difficult  to  handle  than  the  conventional 
thick  black  Ik^uor  of  approximately  70%  conslster>cy,  but  when  burned,  It  generates  less  gas  flow  In 
the  recovery  boiler  due  to  Its  lower  water  content.  Since  boiler  gas  flow  Is  one  of  the  key  factors 
limiting  capacity,  it  is  prottat^y  possible  to  Increase  effective  recovery  boiler  capacity  by  more  than 
the  5%  required  to  accommodate  the  additlonai  solkis  In  the  black  Iiquor. 

Where  steaming  rate  Is  the  limiting  factor  on  recovery  boiler  capacity,  some  improvement  can  be 
attained  by  reducing  the  boiler  feed  water  temperature  and/or  reducing  the  temperature  of 
the  combustion  air  where  It  Is  heated  by  the  steam  coH  air  heater.  Either  of  these  techniques 
reduce  the  steaming  rate  by  several  percent. 

Where  gas  flow  is  the  limiting  factor  in  tx)iler  capacity.  It  Is  theoretically  possible  to  compensate  for 
at  least  10%  increase  In  boiler  load  by  enriching  the  combustion  air  with  oxygen.  The  boiler  at  the 
MoDo  mill  in  Husum,  Sweden  has  reportedly  (Croon  1983)  operated  for  a  one  week  trial  at  17% 
greater  load  with  oxygen  enrichment,  but  the  cost  was  consWered  excessive.  If  oxygen  enriched 
air  is  used  for  combustion,  then  the  flame  temperature  Increases,  Increasing  radiant  heat  transfer 
to  the  lower  water  wails  of  the  boiler,  and  will  In  many  cases  reduce  the  temperature  at  the  entry  to 
the  boiler  bank  (McCubbin  1990).  If  ozone  dellgnificatlon  becomes  popular,  the  possibility  of  using 
the  oxygen  vented  from  the  ozone  reactor  as  combustion  air  to  increase  recovery  boiler  capacity 
will  merit  Investigation. 

3.10.4  Recovery  boiler  repiacement 

The  foregoing  measures  demonstrate  that  there  are  many  practical  alternatives  to  replacing  a 
recovery  boiler  when  pulp  production,  installation  of  oxygen  delignification  or  other  change  in  mill 
operation  results  in  a  recovery  boiler  being  overloaded.  Some  are  primarily  "stop-gap"  techniques 
which  allow  a  mill  to  maintain  pulp  production  for  a  few  months  or  years  without  having  to  incur  the 
high  capital  cost  of  a  new  recovery  boiler,  while  others  are  good  investments  in  themselves. 
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However,  a  new,  modem  boiler  offers  a  number  of  advantages,  which  serve  to  partially  offset  Its 
cost.  These  Include  greater  themial  efficiency,  reduction  of  air  pollution,  reduced  labour,  arxJ 
greater  pulp  production  capacity.  Recovery  boilers  generally  have  a  useful  operating  lite  of  about 
twenty  years,  so  it  is  common  for  mills  to  install  new  boilers  for  non-environmental  reasons  from 
time  to  time. 

3.10.5  Status  of  Ontario  recovery  boiler  loading 

Surveys  have  Indicated  that  the  recovery  boiler  is  the  bottleneck  in  mill  production  In 
approximately  30%  of  Canadian  mills  (Tran  1985,  PAPRICAN  1985,  McCubbin  1990).  There  are  no 
such  surveys  available  specific  to  Ontario.  There  were  no  engineering  studies  on  the  capacity  of 
any  of  the  operating  recovery  boilers  provided  to  the  authors,  so  assessments  had  to  be  made  of 
the  current  status  of  each  mill's  capacity  to  burn  liquor. 

The  status  of  recovery  boiler  loadings  assumed  by  the  authors  for  the  purposes  of  cost  estimates 
in  this  report  is  summarized  in  Table  13. 

Table  13  Recovery  boiler  loading  status  assumed  for  cost  estimates 


Company 


Town 


Boiler  status 


Boise  Cascade  Canada  Ltd. 
Canadian  Pacific  Forest  Products  Ltd. 
Canadian  Pacific  Forest  Products  Ltd. 

Domtar  Inc.,  Fine  Papers  Div. 
Domtar  Inc.,  Containerboard  Division 
E.B.  Eddy  Forest  Products  Ltd. 
James  River- Marathon  Ltd. 
Kimberly-Clark  Canada  Inc. 
Malette  Kraft  Pulp  and  Paper  Co. 


Fort  Frances 
Dryden 
Thunder  Bay 

Cornwall 
Red  Rock 
Espanola 
Marathon 
Terrace  Bay 
Smooth  Rock  Falls 


Probably  recovery  boiler  limited 
Probably  recovery  boiler  limited 
Availal^ie  capacity  due  to  sulphite 
mill  shutdown  in  1991  * 
Recovery  boiler  limited 
Available  capacity 
Recovery  boiler  limited 
Available  capacity 
Available  capacity 
New  boiler  urxier  construction  1991 


This  table  is  based  on  information  available  to  the  authors,  and  should  be  confirmed  by  detailed  engineering  studies  at 
each  mill.  It  is  presented  in  this  report  to  define  the  basis  for  cost  estimates. 
*  Capacity  at  Thunder  Bay  inadequate  for  train  K5. 
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3.11  Mechanical-sulphite  Spectrum  of  Pulping 


SUMMARY  About  40%  of  the  pulp  produced  in  Ontario  is  from  a  family  of  processes  that  can  tjest 
be  considered  as  a  continuous  spectrum  from  low-yield  sulphite  through  high-yield  sulphite, 
chemical  and  thermomechanical  pulp,  to  the  traditional  groundwood  pulping  process.  Both 
chemical  and  mechanical  pulp  are  included  in  this  spectrum,  and  are  discussed  in  this  section. 
The  term  mechanical-sufphite  has  been  adopted  for  these  pulps,  because  there  Is  no  generally 
accepted  terminology. 

It  is  conventionai  to  consider  those  pulps  in  this  spectrum  with  yields  of  over  80%  to  be 
mechanicai  pulp,  while  those  of  lower  yield  are  categorized  as  chemicai  pulp.  Some 
characteristics  of  the  spectrum  from  groundwood  through  to  low-yield  sulphite  pulp  are  shown  in 
Table  14  on  page  105. 


3.11.1  Groundwood  pulping 

Also  known  as  Stone  Groundwood  (SGW),  this  was  the  earliest  form  of  mechanical  pulping  used 
commercially,  and  Is  by  far  the  most  extensively  used  mechanical  pulping  process  In  Ontario. 

In  this  process,  logs  are  forced  into  contact  with  a  revolving  grindstone  In  the  presence  of  water  to 
reduce  the  wood  to  a  mascerated  fibrous  condition.  The  water  applied  cods,  cleans,  and 
lubricates  the  stone  and  conveys  the  pulp  away  from  the  stone.  A  few  percent  of  the  organlcs  In 
the  wood  are  solubilized,  causing  the  water  carrying  the  pulp  to  exert  a  BOD  when  discharged, 
and  to  be  toxic.  Refer  to  Table  1 4  on  page  1 05  for  typical  values. 

The  groundwood  process  has  been  In  commercial  operation  for  atiout  150  years,  arxi  until 
relatively  recently,  plants  were  traditionally  designed  and  built  with  no  consideration  for  effluent 
quality  The  groundwood  mills  In  Ontario  have  all  been  upgraded  environmentally  over  the  past 
twenty  years  to  some  extent,  but  the  physical  installations  and  the  operating  traditions  present 
serious  obstacles  to  operation  with  low  effluent  discharges. 
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Figure  15  Groundwood  pulping  process 
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in  principle,  the  effluent  flow  couid  be  only  a  few  cubic  metres  per  tonne  pulp,  but  the  authors  are 
not  aware  of  any  traditional,  non-pressurized  groundwood  mill  that  has  achieved  this.  The  pulp 
from  all  groundwood  mHls  In  Ontario  is  used  on  site  for  paper  manufacturing,  normally  newsprint, 
and  the  effluent  flow  from  the  mill  depends  to  a  large  extent  on  the  paper  machine  design  and 
operation.  Much  of  the  BOD  and  toxic  arterial  that  originates  in  the  groundwood  pulp  mill  will  be 
discharged  from  the  paper  n^chlne  sewers. 

A  few  modern  groundwood  mills  have  been  built  in  the  US  and  Scandinavia  where  the  grinder 
operates  under  pressure,  and  the  water  system  Is  designed  to  minimize  flow,  concentrating  the 
effluent,  as  discussed  in  Appendix  C.  Mitchell  (1990)  reported  on  a  Finnish  newsprint  machine 
integrated  with  a  modern  pressure  groundwood  mill  where  the  total  effluent  flow  was  slightly  under 
9  m^/tonne  product. 

3.11.2  Thermomechanlcal  pulping 

Thermomecinanical  pulp  (TMP)  is  produced  by  chipping  det)arked  logs,  then  separating  the  fibres 
in  a  device  known  as  a  refiner,  where  the  chips  pass  between  two  serrated  plates,  one  (or  both)  of 
which  are  rotating.  This  process  requires  almost  twice  as  much  power  as  the  above  mentioned 
groundwood  process,  but  the  mechanical  properties  of  the  pulp  are  substantially  better.  BOD  and 
toxicity  are  increased,  as  indicated  in  Table  14  on  page  105.  TMP  refiners  operate  urxier  pressure, 
and  at  temperatures  over  lOOdegC.  In  one  little  used  variation^,  the  refiner  operates  at 
atmospheric  pressure  and  a  temperature  of  lOOdegC,  producing  a  rather  higher  yield  and 
presumably  lower  BOD. 

3.11.3  Sulphite  pulping 

In  sulphite  pulping  the  fibres  are  separated  by  the  action  of  sulphur  dioxide  and  a  metallic  base, 
under  pressure  and  at  an  elevated  temperature.  The  traditional  sulphite  process  is  now  generally 
known  as  low-yield  sulphite,  and  is  largely  obsolete  l-lowever,  the  following  hybrkj  pulping 
processes  have  been  developed  from  the  traditional  process: 

Chemimechanical  Pulping  CMP 

Cheml-thermomechanical  Pulping  CTMP 

High-yield  Sulphite  HYS 

Ultra  High-yield  Sulphite  UHYS 

3.11.4  BOD  generation  by  mechanical-sulphrte  mills 

It  is  clear  from  conskJeration  of  the  mass  balance  of  a  mechanical-sulphite  mill  that  the  quantity  of 
organic  material  released  from  the  wood  is  related  to  the  pulping  yield  by  a  relationship  of  the 
form: 

Organic  loss  %  =  100  x  (1  -Yield)  where    yield  is  expressed  as  a  fraction 

loss  is  expressed  as  kg/tonne  pulp 


^  Rofmer  mechanical  pulping  (RKffP). 
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One  can  expect  the  BOD  discharge  to  rise  as  the  organic  toss  rises,  but  cannot  expect  any  simple 
relationship,  because  there  is  a  wide  range  of  organic  substances  Involved,  some  of  which  wlli 
degrade  much  more  rapidly  under  the  conditions  of  the  BOD  test  than  others.  Figure  16  shows 
measured  data  from  several  sources  for  mills  In  the  mechanical -sulphite  spectrum.  While  there  Is  a 
general  trend  of  reducing  BOD  with  increasing  yield,  the  data  show  a  great  deal  of  scatter.  In  our 
own  experience,  this  scatter  is  typical  of  such  data  for  pulps  In  the  mechanical -sulphite  spectrum. 
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Figure  16  Yield:  BOD  relationship  for  various  pulps  in  the  mechanical-sulphite  spectrum 

3.11.5  Summary  of  pulpirtg  processes 

Typical  characteristics  of  the  pulping  processes  of  most  interest  to  this  report  are  summarized  In 
Table  14.  This  tends  to  understate  the  complex  and  diverse  irxJustrial  processes  involved.  The 
reader  is  cautioned  that  there  will  always  be  exceptional  situations  where  data  will  fall  outside  the 
ranges  given. 


34 


Most  figures  in  the  report  have  the  source  computer  fitename  showr)  In  very  small  print   It  Is  for  editorial  control  and 
nom\ally  of  no  interest  to  the  reader. 
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Table  14  Typical  characteristlo  of  the  processes  and  effluenta  of  various  pulping  processes 

Type  or  pulp  Yield  BOD  Effluent  PrInclpiM  pulping  Chemical  taed 

flow  chemicals  (total  Inorganic) 

kg/tonne       m*/tonne  kg/tonne 


Mechanical-sulphfte  spectrum 

Of 

pulping  processes 

Low-yield  sulphite 

45-55% 

40-100^ 

100-300 

Na,  Mg^'.SOg 

450 

Migh-yield  sulphite 

55-75% 

140-250 

50  + 

Na.  SOj 

200-400 

Ultra  high-yietd  sulphite 

80-90% 

50-100 

50  + 

Na.SOj 

150 

CTMP 

88-92% 

40^0 

8-25 

Na.  SOa 

50 

TMP 

9045% 

25-50 

8-20 

Nona 

0 

Pressurized  groundwood 

93-96% 

11-20 

8-20 

Traditional  groundwood 

93-96% 

10-15 

50 

Nona 

0 

Miscellaneous  pulping  processes 

Kraft  {unbleached) 

43-58% 

15-30" 

50-100 

Na^S,  NaOH 

50  (makeup) 

Kraft  (bleached] 

40-55% 

20-50 

50-200 

Na^S,  NaOH 

50  (makeup) 

Semichen^ical 

75-80% 

80-120 

15-100 

Na^COg,  SOg 

perhaps) 

150 

Deinking  (non  tissue) 

70-90% 

10-40 

2-100 

HOOH.  NaOH 

NaSiOj 

Waste  paper 

95%  + 

5-10 

10-100 

None 

None 

Most  of  the  pulping  processes  are  used  in  mills  where  paper  production  is  integrated  with  the  pulping  operation.  The 
papermaking  operation  will  generally  not  generate  any  BOD,  but  will  generate  a  significant  amount  of  wastewater.  The 
discharges  are  mixed,  so  that  while  the  above  mentioned  data  on  BOD  generated  indicate  the  total  BOD  in  the  effluent, 
the  flows  o(  wastewater  will  generally  be  much  higher.  The  BOD  discharge  is  characteristic  of  the  process,  whereas 
wastewater  flows  are  quite  dependent  on  equipment  selected  and  operating  practices,  so  can  vary  widely. 

3.1 1.6  Discharge  prevention  at  source 

Apart  from  replacing  the  more  polluting  processes  with  more  modern,  less  poUuting  ones,  there 
are  relatively  few  opportunities  for  significant  improvements  in  effluent  quality  by  In-plant  process 
modifications  for  the  non-kraft  mills  discussed  In  this  report.  The  principal  opportunity  Is  the 
reduction  of  the  effluent  flow  to  lower  the  costs  arxJ/or  Improve  the  effectiveness  of  external 
treatment  systems. 

In  the  sulphite  mechanical  spectrum  of  pulps,  the  effluent  BOD  depends  mostly  on  the  pulping 
yield^.  which  depends  to  a  large  extent  on  the  product  desired.  It  is  common  and  not 
unreasonable  to  assume  that  the  discharge  of  substances  toxic  to  fish  will  rise  as  the  pulping  yield 
drops,  but  there  are  Insufficient  data  available  to  quantify  such  an  assumption,  as  discussed 
previously. 

Effluent  discharge  prevention  at  source  is  discussed  In  further  detail  In  Chapters  5  and  6. 


^  Assuming  modem  sulphite  waste  Ikjuor  mcovery. 

"*  Magnesium  is  the  only  low-yieiti  sulphite  pulping  bass  used  in  Ontario. 

^'  Assuming  typical  recovery  of  chemicals  and  waste  liquors. 

^  An  exception  occurs  when  there  is  a  chemical  recovery  system.  In  (h/s  case,  the  efficiency  ofchemrcal  recovery  has  a 
major  impact  on  BOO  discharge. 
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3.12Semichemical  Pulp 

This  type  of  pulp  is  often  known  as  "NSSC",  Neutrat  Sulphite  Semichemical,  but  the  technological 
advances  mentioned  below  have  made  the  Inciuslon  of  the  temri  "neutral  sulphite"  in  the  name 
somewhat  obsolete.  Semichemical  pulp  is  alnrK)st  always  used  on  site  for  the  production  erf 
corrugating  medium^  in  an  Integrated  mill. 

Delignificatlon  occurs  by  cooking  wood  chips  in  a  pressure  vessel,  the  digester,  with  (traditionally) 
sodium  sulphite.  The  cooked  pulp  Is  discharged  (blown)  to  a  tank  at  atmospheric  pressure,  and 
pulping  is  completed  using  refiners.  The  sulphite  cooking  liquor  is  not  reclaimed  in  either  of  the 
two  mills  in  Ontario  using  the  semichemical  process,  although  many  mills  in  the  US  and  one  In 
Canada  (Cabano,  Quebec)  do. 

Several  mills  in  North  America  have  modified  the  process  to  eliminate  sulphur  from  the  cooking 
chemicals,  and  use  sodium  carbonate  as  the  principal  reagent,  The  foremost  environmental 
benefit  Is  that  combustion  of  the  spent  pulping  liquor  produces  sodium  carbonate,  that  can  t>e 
reused  for  cooking  the  pulp,  but  this  is  irrelevant  if  the  mill  does  not  recover  the  liquor.  The  Domtar 
mill  at  Trenton  used  the  classic  NSSC  process  in  the  past,  but  now  uses  a  sulphur  free 
modification,  while  the  MacMillan  Bloedel  mill  at  Sturgeon  Falls  uses  tradrtional  NSSC  pulping. 

As  indicated  in  Table  14  on  page  105,  the  raw  BOD  for  this  type  of  mill,  is  high  so  biological 
treatment  is  relatively  expensive.  The  effluent  toxicity  is  relatively  high,  with  the  Sturgeon  Falls  mill 
reporting  about  1 0%  for  the  LC^q  before  installation  of  the  anaerobic  treatment  system  at  tfiat  site. 

3.13  Secondary  Fibre  Pulping 

SecorxJary  fibre  pulping  refers  to  the  use  of  waste  paper  as  raw  material  for  paper  manufacturing, 
and  as  a  replacement  or  partial  replacement  for  virgin  wood  pulp.  There  has  always  been  some 
reuse  of  secondary  fibre,  and  the  rate  of  its  use  is  rising  rapkJIy. 

Some  waste  paper  has  been  used  for  many  years  as  furnish  for  board  and  corrugating  medium 
mills.  This  type  of  secondary  fibre  pulping  operation  Is  quite  simple,  with  about  90%**'  of  the 
purchased  paper  being  converted  to  finished  product.  Waste  paper  is  reduced  to  a  pulp  slurry  by 
vigorous  agitation  in  a  tank  full  of  water,  generally  known  as  a  pulper.  The  use  of  non-deinked 
waste  papers  is  generally  restricted  to  production  of  various  packaging  grades,  or  as  in  one 
Ontario  mill,  the  outer  sheathing  paper  for  gypsum  wallboard. 

Wastes  produced  consist  of  relatively  heavy  trash,  which  is  collected  in  relatively  dry  form  arwJ  fine 
fibres  which  are  tost  with  the  excess  white  water  flows.  The  latter  also  contain  a  variety  of  soluble 
materials  that  are  washed  from  the  pulp,  that  will  exert  a  BOD,  and  may  be  toxic  to  fish.  As 
indicated  in  Table  14  on  page  105,  the  BOD  discharge  is  generally  low. 


3^  'Corrugating  Medium'  is  the  feedstock  tor  the  corrugators  which  produce  the  familiar  corrugated  intermediate  layer  ir\ 
double  wall  'cardt>oard'  tx)xes. 

^   The  yields  in  such  operations  are  substantially  higher,  and  the  generation  of  solid  wastes  substantially  tower,  than  In 
deinking  plants. 
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The  quantity  of  heavy  trash,  consisting  of  baling  wire  and  staples,  plastics,  and  miscellaneous 
garbage  that  finds  Its  way  into  the  waste  paper  handling  systems  l^efore  arrival  at  the  mill,  is 
variable,  but  is  typically  urxJer  10%  of  the  production  rate,  and  would  be  much  less  in  the  case  of 
higher  grades  of  waste  paper.  This  would  normally  be  landfilled  because  it  is  difficult  to  handle  arxi 
incinerate. 

In  most  secondary  fibre  mills,  It  Is  technically  feasible  to  recover  all  the  solids  that  settle  In  a 
primary  clarifier  and  use  them  as  fumish  to  the  paper  machine.  Some  mills  do  so,  including  the 
Beaver  Wood  Fibre  mill  at  Thorold.  It  is  also  technically  feasibiie  to  close  the  water  cycle 
completely,  and  operate  with  zero  effluent  (except  for  the  heavy  trash)  for  some,  if  not  all 
secondary  fibre  (non-deinking)  mills,  but  this  is  not  the  current  practice  In  Ontario. 


3.14  Delnking 

Today,  a  modest  but  increasing  proportion  of  the  waste  paper  recovered  in  Canada  is  used  in 
production  of  newsprint,  tissue,  and  other  paper  grades  of  relatively  high  quality,  which  necessitate 
the  removal  of  ink  and  virtually  all  other  impurities.  This  cleaning  process  is  generally  known  as 
deinking.  After  pulping  of  the  waste  paper  and  removal  of  gross  contamination,  surfactants  are 
added  to  the  slurry  to  separate  ink  from  the  fibres.  The  objective  is  to  disperse  the  ink  In  very  small 
particles  that  have  mininrial  affinity  for  fibres,  so  the  two  can  be  separated,  either  by  washing  or  by 
flotation. 

Most  older  deinking  plants  in  North  America,  including  Noranda  at  Thorold,  use  a  washing  process 
to  separate  the  ink  particles.  This  is  very  different  from  the  washing  processes  used  in  kraft  and 
sulphite  mills  to  recover  soluble  solids,  because  deinking  washers  are  designed  to  avoid  forming  a 
mat  of  fibres,  so  that  the  small  ink  particles  will  not  be  retained.  This  results  in  loss  of  most  of  the 
fillers  in  the  waste  stock,  as  well  as  significant  quantities  of  the  fine  fibres,  and  generates  relatively 
large  effluent  flows,  in  the  order  of  50  to  100  m^/tonne. 

The  flotation*^  deinking  systems  that  are  common  In  Europe,  are  now  being  installed  widely  in 
North  America.  In  this  process,  fine  air  bubbles  are  injected  into  the  stock,  causing  the  ink 
particles  to  float  to  the  surface  where  they  are  skimmed  off.  As  in  wash  deinking,  there  is  always 
some  loss  of  fibre  and  fines.  A  flotation  deinking  process  can  be  designed  for  effluent  flows  of 
under  10  m^  per  tonne  pulp  produced.  This  facilitates  much  more  effective  effluent  treatment  than 
In  the  wash  deinking  plants  mentioned  previously. 

It  Is  technically  feasible  to  reduce  the  effluent  flows  from  wash  deinking  systems  by  using  flotation 
clarifiers,  but  this  technology  has  not  been  widely  adopted,  perhaps  because  it  was  not  developed 
until  after  flotation  deinking  fiad  become  the  more  popular  process  for  new  installations. 

News  grade  deinking  operations  will  discharge  approximately  20  kg  BOD/tonne  product,  whether 
the  wash  or  flotation  deinking  process  is  used.  The  effluent  BOD  can  be  reduced  to  30  mg/L  or 
less  by  biological  treatment,  which  corresponds  to  under  0.5  kg/tonne  for  a  modern  flotation 


*'    Many  deinking  plants  in  North  America  which  are  considered  as  using  the  flotation'  process  include  one  stage  of 
washing  in  the  process,  but  still  discharge  much  lower  volumes  of  effluent  than  wash  process  mills. 
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deinking  mill,  or  about  3  kg/tonne  for  an  older  design  of  deinking  based  on  washing.  This  latter 
value  corresponds  quite  closely  with  the  USEPA's  requirements  for  deinking  mills  that  were  set  In 
the  early  19BOs,  when  wash  deinking  was  the  norm  In  the  US. 

Deinking  operations  generate  significant  quantities  of  solW  waste  because  the  product  yield  Is 
typically  in  the  range  of  70%  to  85%,  and  the  shrinkage  appears  mostly  as  a  wet  sludge-*^.  One 
could  say  that  the  current  US  regulations  requiring  that  significant  proportions  of  some  types  of 
paper  sold  in  the  US  contain  recycled  fibre  will  effectively  result  in  the  export  of  US  solid  waste  to 
Canada,  because  Canadian  mills  will  have  to  import  arxj  deink  waste  paper  to  survive  In  the  US 
market.  The  latter  is  essential  to  most  Ontario  mills. 

The  sludge  produced  may  be  landfilled,  used  as  an  agricultural  soil  conditioner  or  incinerated. 
Both  of  the  current  Ontario  deinking  operations  use  their  combined  sludges  as  soil  conditioners, 
mixing  the  deinking  wastes  with  primary  and  waste  activated  sludges.  The  success  of  these 
operations  is  dependent  on  local  soil  conditions.  Both  landfilling  and  incineration  create 
environmental  difficulties. 

Notice  that  as  shown  in  Table  15,  a  deinking  operation  may  well  generate  over  a  tonne  of  waste 
sludge  per  tonne  product,  if  the  yield  Is  on  the  low  end  of  the  normal  scale  or  the  sludge 
dewatering  is  not  very  effective. 

Table  15  Quantities  of  waste  sludge  produced  by  a  deinking  operation 

Deinking  yield*             Loss,           Quantity  of  wet  waste  sludge  produced  after  dewatering, 
tonnes/tonne                 tonnes/tonne  of  deinked  fibre  produced 
product ___^ 

100%  dry         25%  dry        30%  dry         35%  dry  40%  dry 


90% 

0.11 

0.44 

0.37 

0.32 

0.28 

85% 

0.18 

0.71 

0.59 

0.50 

0.44 

80% 

0.25 

1.00 

0.83 

0.71 

0.63 

75% 

0.33 

1.33 

1.11 

0.95 

0.83 

70% 

0.43 

1.71 

1.43 

1.22 

1.07 

60% 

0.67 

2.67 

2.22 

1.90 

1.67 

50% 

1.00 

4.0 

3.33 

2.86 

2.50 

•The  various  values  of  yield  and  final  sludge  consistencies  shown  above  include  the  full  range  of  commercial  operations. 
Yield  is  defined  as  the  proportion  of  waste  paper  that  is  converted  into  usable  deinkced  pulp.  In  most  deinking  mills,  a 
quantity  of  biological  sludge  from  the  waste  treatment  plant  and  fibrous  sludge  from  the  paper  mill  would  be  added  to 
the  above  quantities. 


3.15  Brightening  of  Mechanical  Pulp 

Pulps  manufactured  by  the  foregoing  processes  range  In  colour  from  the  dark  brown  of  NSSC 
(and  kraft)  through  various  shades  to  a  light  straw.  These  colours  are  satisfactory  for  packaging 
and  some  other  uses,  including  newsprint  in  some  cases.  The  brightness  of  mechanical  pulps  is 
usually  between  55  and  65,  and  can  be  raised  to  about  85  by  bleaching  for  certain  specialized  uses 


^^   7?J/s  is  in  contrast  to  the  mechanical  and  chemical  pulping  processes  where  shrinkage  usually  generates  dissolved 
rejects.  Most  of  the  substances  tost  from  the  raw  wood  emerge  dissolved  In  the  effluent. 
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such  as  personal  hygiene  prcxJucts.  If  the  pulp  is  to  be  used  for  making  printing  grades  of  paper, 
or  products  for  personal  use.  it  has  been  customary  to  bleach  or  brighten^  it. 

Brightening  can  generate  significant  amounts  of  effluent  of  diverse  characteristics,  deperKJing  on 
the  process  selected,  the  desired  brightness,  the  previous  pulping  process  and  species  of  wood 
used.  Several  of  the  mechanical  pulp  mills  In  Ontario  brighten  the  pulp,  but  none  practice  the 
aggressive  bleaching  of  the  mari<et  CTMP  mills  in  other  parts  of  Canada. 

The  shrinkage  during  bleaching  or  brightening  of  mechanical  pulp  is  likely  to  be  less  than  1%, 
depending  on  the  conditions  and  chemicals  used.  The  lost  material  is  chiefly  organic  matter, 
adding  to  the  mill's  BOD  discharge.  In  extreme  situations,  where  a  major  Improvement  in 
brightness  is  desired,  yield  losses  could  be  up  to  4%,  which  could  add  up  to  50  kg  BOD/tonne 
pulp  to  the  effluent.  At  least  one  bleached  CTMP  mill,  outside  Ontario,  discharges  over 
100  kg  BOD  per  tonne  pulp. 

Table  16  Brightening  and  bleaching  processes  for  mechanical  pulps  


Process 


Usual  method  of  application 


Brightness 
increase 


Reductive  processes 

Sodium  bisulphite 

Sodium  hydrosulphite 
Zinc  hydrosulphite 


Applied  to  grinders  or  to  chips  before  refining  1-4 

In  suitable  vessels  up  to  10 
Added  to  pulp  before  entering  brightening  vessel  or  storage  chest  3-6 

Not  •nvironmentally  acceptable 


Oxidative  processes 

Calcium  hypochlorite  Limited  to  hardwoods 

Sodium  hypochlorite  Added  ahead  of  storage  chest 

Hydrogen  peroxide  Usually  added  to  bleaching  vessels,  may  be  muHi  stage. 

Sometimes  on  wet  machine 
Oxidative  /  reductive  processes 
Hydrogen  peroxide  and  sodium    Bleaching  vessels 
hydrosulphite  in  series 
ditto  two  stage  ditto 


10-12 
10.14 


12-18 

25 


The  attainable  brightness  increases  are  Indicative  of  performance  where  the  process  is  suitably  applied.  "Bleaching 
vessels"  refer  to  tanks,  chests  or  towers  that  are  dedicated  to  the  brightening  reaction,  as  opposed  to  storage  vessels 
that  are  often  used  for  the  bleaching  reaction,  particularly  when  only  a  few  points  brightness  gain  are  required, 

in  the  Ontario  mills  within  the  scope  of  this  report,  which  practice  brightening,  the  objective  is  a 
gain  of  only  a  few  brightness  points.  The  shrinkage  and  hence  BOD  discharges  are  therefore  low. 
The  authors  were  unatile  to  find  any  data  that  differentiate  BOD  or  toxicity  of  effluent  from  mills 
brightening  pulp  to  the  extent  currently  practiced  in  Ontario. 


*^  The  terms  'bleaching'  and  'brightening'  are  loosefy  interchangeable.   Brightening  generally  implies  a  modest  increase 
in  brightness  (a  fewfxtints),  while  bleaching  may  be  nnore  ambitious. 
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3.16  Paper  Mills 


SUMMARY  A  non-integrated  paper  mill  consists  of  one  or  more  stock  preparation  areas  and 
paper  machines.  Stock  preparation  systems  discharges  small  quantities  of  dirt  and  larger 
quantities  of  fibres  (kg /tonne).  The  fibres  can  be  recycled.  The  paper  machine  is  normally  of  the 
Fourdrinier  type  with  a  moving  wire.  More  modern  ones  may  have  twin  wire,  but  this  has  little 
influence  on  the  effluent  quality.  White  water  management  is  the  most  significant  control 
technique  for  minimizing  the  effluent  discharge,  and  is  particularly  important  for  twin-wire 
machines.  Savealls  are  important  control  devices  for  coated  paper  machine  operations. 


A  non- integrated  paper  mill  consists  of  one  or  more  stock  preparation  areas  and  paper  machines. 
Normal  auxiliary  facilities  may  include  some  that  effect  effluent  quality,  such  as  a  boiler  plant,  water 
supply  and  waste  treatment  plant.  Others  have  negligible  environmental  impact  such  as  paper 
finishing^^,  wrapping,  and  warehousing. 

At  the  present  time  there  are  eight  mills  in  Ontario  that  operate  as  non-Integrated  paper  mills,  In 
that  there  is  no  pulp  manufactured  on  site^'.  Five  of  those  discharge  effluents  that  are  consistently 
non-toxic  to  trout,  and  one  discharges  a  marginally  toxic  effluent. 

The  following  general  discussion  on  paper  machines  applies  to  Integrated  as  well  as  to 
non- integrated  mills.  However,  there  is  one  important  difference  between  an  integrated  and  a 
non-integrated  mill.  In  an  integrated  milt  the  pulp  stock  arrives  at  the  paper  machine  at  relatively 
low  consistency  so  that  the  paper  machines  will  always  have  an  excess  of  process  water.  It  is 
possible  to  return  the  excess  process  water,  known  as  white  water,  to  the  pulp  mill.  There  are  a 
number  of  problems  that  may  occur  when  white  water  is  recycled.  The  mill  effluent  flow  and  rate  of 
discharge  of  many  contaminants  is  dependent  on  how  successful  the  mill  is  in  resolving  these 
problems.  For  a  more  detailed  discussion  of  this  subject  refer  to  White  Water  Management  on 
page  187,  and  Effluent  Flow  Reduction  on  page  189. 

3.16.1  Stock  preparation 

The  various  kinds  of  pulp  and  any  additives  required  are  blended  and  then  passed  through  screens 
and  centrifugal  cleaners  to  remove  physical  contaminants.  The  main  stock  stream  or  a  side  stream 
may  pass  through  refiners  to  modify  the  fibre  properties  before  feeding  it  to  the  paper  machine. 

The  BOD  discharge  is  generally  negligible,  but  can  be  several  kg/tonne  paper  if  there  are 
significant  starch,  coating  leaks,  other  losses  due  to  equipment  weakness  or  operator  error.  Good 
housekeeping  is  the  prime  control  measure.  The  stock  preparation  area  will  not  normally 
contribute  to  acute  lethality  of  the  effluent,  and  the  authors  found  no  evkJence  of  such  in  Ontario 
mHls. 


*^  In  ttiis  context,  finishing  refers  to  dry  mechanical  operations  such  as  cutting  to  size.    There  would  be  no  effluent,  and 
the  waste  paper  cut  off  the  raw  paper  nails  is  universally  reused  in  the  papermaking  process. 

*^  five  of  the  eight  repulp  waste  paper. 
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The  only  other  environmental  effect  of  the  stock  preparation  system  is  the  discharge  of  very  small 
quantities  (<1  kg/tonne)  of  dirt  and  several  kg/tonne  of  fibre.  This  material  will  be  removed  from 
the  effluent  by  the  primary  clarifier,  and  may  contribute  to  the  mill's  total  solid  waste  flow. 

Due  to  the  extensive  recycle  of  water  in  paper  mills,  particularly  those  integrated  with  pulp  mills, 
the  above  mentioned  BOD  and  suspended  solids  may  exit  the  mill  at  a  point  quite  far  removed 
from  the  stock  preparation  department. 

3.16.2  Paper  machines 

The  term  "paper  machine'  Is  used  for  equipment  that  converts  the  low  consistency  stock  from  the 
stock  preparation  system  into  a  roll  of  dry  paper,  ready  for  shipment  or  cutting  into  sheets.  A 
typical  flowsheet  for  a  stock  preparation  system  and  the  traditional  type  of  Ontario  paper  machine 
is  shown  in  Figure  17.  The  paper  machine  includes  the  headbox  arxJ  all  the  equipment  to  the  right 
of  It. 

A  major  difference  between  Ontario  and  other  major  newsprint  producing  regions  is  the  stock 
furnish.  Most  major  newsprint  producers  elsewhere,  include  groundwood,  or  TMP,  and  kraft  pulp 
in  the  stock  furnish.  The  latest  technology  is  the  manufacture  of  newsprint  with  CTMP  as  the  only 
fibre  furnish. 

In  the  traditional  Fourdrinier  type  paper  machine,  the  stock  from  the  headbox  is  first  dewatered  by 
being  deposited  on  to  a  horizontal  wire  mesh  conveyor  belt,  called  the  former.  The  stock  is  fed  to 
the  former  at  a  consistency  of  about  0.3%  to  1%,  and  leaves  at  about  20%  consistency.  It  is  then 
pressed  between  rotating  rolls  to  raise  the  solids  content  to  about  40%,  and  finally  dried  by  passing 
it  over  steam-heated  rolls.  Any  dissolved  material,  including  oxygen  demanding  or  toxic 
substances,  contained  in  the  water  passing  into  the  dryer  will  either  be  destroyed  by  the  heat  of  the 
dryer,  or  become  a  constituent  of  the  paper. 

In  an  increasing  number  of  modem  paper  machines,  the  forming  section  uses  two  wire  conveyor 
belts,  and  the  sheet  of  paper  is  formed  between  them.  There  is  a  wide  variety  of  these  double,  or 
twin  wire  formers.  While  the  differences  between  them  have  a  major  impact  on  paper  properties 
and  the  grades  of  paper  that  can  be  manufactured  on  any  one  machine,  they  do  not  make  much 
difference  in  discharges  of  waste  to  the  environment.  However,  conversion  of  an  older  single-wire 
paper  machine  to  twin  wire  can  effect  suspended  solids  discharges  indirectly,  because  the 
consistency  and  volume  of  white  water  normally  rises.  This  can  result  in  increased  discharges  to 
sewer  if  the  white  water  system  is  not  upgraded  simultaneously.  The  mills  discussed  in  this  report 
all  have  primary  treatment  systems  that  would  capture  most  of  the  additional  suspended  matter 
discharged. 
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Figure  17  Flowsheet  of  traditional  newsprint  paper  machine  with  stock  preparation  system 

3.16.3  Water  balance 

The  paper  forming  process  requires  removal  of  100  to  200  tonnes  of  water  per  tonne  of  pulp.  The 
water  contains  significant  quantities  of  fibres,  and  is  known  as  white  water.  Most  of  it  is  recycled  to 
the  stock  preparation  system,  while  some  must  be  discharged  to  sewer  or  recycled  to  other  parts 
of  the  mill  (shown  as  "excess  white  water"  in  Figure  17).  Management  of  the  white  water  system  is 
the  most  environmentally  significant  item  in  controlling  effluents  from  paper  machines.  When 
coated  paper  Is  manufactured;  starch,  latex,  and  other  coating  materials  can  be  present,  in 
addition  to  fibres,  and  may  have  an  appreciable  BOD. 

Except  for  paper  machines  incorporating  a  coater,  very  little  BOD  or  toxicity  is  generated  In  the 
paper  machine  area,  so  that  the  content  of  such  substances  in  the  effluent  Is  dependent  on  the 
quantity  carried  into  the  machine  with  the  pulp.  As  these  pollutants  are  mostly  soluble,  the  split 
between  effluent  and  the  paper  sheet  will  be  approximately  in  proportion  to  the  ratio  of  flows  of 
water  into  the  dryer  (normally  about  1.5  tonnes/tonne  paper)  and  the  total  effluent  flow,  (varying 
from  a  few  tonnes/tonne  paper  to  over  1 00). 
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4  EFFLUENT  CHARACTERISTICS  in  1990 


SUMMARY  Traditional  wastewater  parameters  are  reviewed  along  with  some  additional 
parameters,  which  are  receiving  increasing  attention  from  scientists,  industry,  and  regulatory 
agencies.  The  formation  of  non-chlorinated  and  chlorinated  organics,  including  AOX  and 
TCDD/TCDF,  and  the  impact  of  trace  metals  are  discussed.  The  data  from  the  first  six  months  of 
the  1990  MISA  monitoring  program  are  reviewed,  and  comments  on  the  results  for  each  mill  are 
summarized. 


4.1  General  Wastewater  Variables 


SUMMARY  Traditionally  BOD,  TSS  and  acute  lethality  were  the  principal  parameters  used  for 
evaluation  of  wastewater  quality.  These  provide  a  basis  for  examining  only  the  short  term  and 
local  effects  of  effluent  discharges.  In  recent  years  attention  in  several  parts  of  the  world, 
including  to  some  extent  Ontario,  has  shifted  to  the  longer  term  effects,  requiring  consideration  of 
the  content  of  persistent  and/or  bioaccumulative  substances  in  the  effluents.  The  1990  MiSA 
monitoring  program  included  the  determination  of  many  of  such  substances  known  to  be  present 
in  industrial  effluents.  COD  and  AOX  provide  indications  of  the  total  quantities  of  non  and  poorly 
biodegradable  substances  in  the  effluent.  Analysis  of  individual  substances  would  be  more 
specific,  but  expensive  and  it  is  difficult  to  ensure  that  all  substances  are  considered.  In  pulp  and 
paper  mill  wastes,  it  is  possible  to  draw  useful  inferences  on  the  content  of  some  compounds  in 
the  effluents  from  the  known  concentrations  of  related  chemical  species. 

Effluent  testing  methods  are  well  standardized  In  most  developed  countries,  but  national 
standards  are  often  not  equivalent  to  each  other.  In  particular,  Scandinavian  practices  are  liable 
to  lead  to  higher  BOD  and  lower  TSS  and  organochlorine  values  being  reported  relative  to  Ontario 
practices. 

The  ratio  of  chemical  oxygen  demand  (COD)  to  BOD  provides  an  indication  of  the 
biodegradability  of  the  effluents.  High  values  for  this  ratio,  as  found  in  well  treated  effluents 
indicate  that  little  further  reduction  in  organic  content  can  be  achieved  by  biological  treatment. 

Colour  is  a  parameter  of  concern  in  some  parts  of  the  world  but  it  is  not  included  in  the  MISA 
program.  Conductivity  is  a  good  indicator  of  the  efficiency  of  process  water  usage,  with  low 
conductivity  indicating  that  there  is  a  good  potential  for  success  if  a  water  conservation  program 
is  implemented  


Traditionally,  the  following  parameters  have  been  considered  for  the  evaluation  of  wastewater 
treatment  plant  performances:  BOD,  COD,  DOC,  TSS/VSS,  NH3/NH/,  NO3/NO2.  Tot-N,  Tot-P, 
and  sulphide. 

In  recent  years  many  scientists  and  several  regulatory  agencies,  including  the  Ministry  of  the 
Environment  in  Ontarto,  have  expressed  increasing  concern  about  other  parameters.  The 
substances  currently  of  concern  to  the  Ministry  in  Ontario  are  listed  in  Table  1  on  page  22. 
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4.1.1  Biochemical  oxygen  demand 

The  oxygen  demand  exerted  by  the  microorganisms  during  biological  treatment  Is  measured  by 
the  biochemical  oxygen  demand  (BOD)  test.  The  standard  BOD  test  (APHA  1989)  uses  a  five  day 
sample  incubation  period  at  20  deg  C  and  this  procedure  is  usually  understood  unless  othenArise 
stated.  (In  Sweden  and  Finland  seven  days  are  commonly  used.  There  is  no  precise  conversion 
factor  between  the  two  values,  but  as  a  rule  of  thumb  BODj  constitutes  about  85%  of  the  BOD^ 
value).  The  five  day  test  does  not  give  an  absolute  measure  of  the  ultimate  oxygen  demand  of  the 
liquid  waste,  but  its  long  acceptance  and  the  lack  of  a  more  reliable  standard  dictate  its  continued 
use.  All  references  to  BOD  in  this  report  should  be  interpreted  as  BOD^,  uniess  otherwise 
noted. 

This  test  can  also  give  an  indication  of  how  the  effluent  will  affect  the  oxygen  balance  of  a  receiving 
water.  Because  the  method  involves  the  use  of  biological  inoculum,  the  variation  coefficient  of  the 
method  is  quite  large  and  systematic  errors  are  easily  introduced,  i.e.  intercalibration  exercises 
between  laboratories  proved  the  method  less  reproducible  than  many  chemical  analyses. 
However,  BOD  remains  an  important  parameter  for  the  design  of  treatment  plants,  ar>d  control  of 
BOD  in  the  effluent  can  be  of  importance  for  discharges  to  receiving  waters  that  are  vulnerable  to 
oxygen  depletion. 

BOD  represents  the  fraction  of  the  organic  substances  in  an  effluent  that  the  natural  ecosystems 
can  generally  assimilate  quite  w^l,  except  that  where  the  assimilative  capacity  of  the  receiving 
water  is  exceeded,  local  damage,  sometimes  severe,  can  occur.  BOD  by  its  nature  measures  only 
non-persistent,  non-toxic  pollutants,  and  many  environmental  scientists  consider  rt  unfortunate  that 
its  long,  and  often  useful,  history  has  led  to  such  heavy  emphasis  on  reducing  discharges. 

BOD  and  TSS  were  two  of  the  most  sign'rficant  effluent  parameters  in  pulp  and  paper  mill  wastes  in 
the  past,  but  are  less  important  to-day  because  of  the  lower  discharge  rates  and  the  development 
of  more  sophisticated  knowledge  of  environmental  effects.  They  remain  the  most  important 
design  parameters  for  biological  treatment  plants,  and  are  important  in  many  kinds  of 
wastewater,  which  has  led  to  extensive  data  on  performance  being  available,  and 
sophisticated  technology  being  developed  for  BOD  and  TSS  control. 

4.1.2  Chemical  oxygen  demand 

CODq^  (or  COD)  measures  oxygen  demand  of  a  sample  by  direct  chemical  oxidation  (Chromic 
acid^^)  (APHA  1989).  It  is  important  to  know  whether  or  not  the  sample  has  been  filtered  prior  to 
analysis.  It  is  common  practice  in  some  European  countries  for  the  filtrate  from  TSS  analysis  to  be 
analysed  for  COD.  In  this  case  the 

COD  ~  COD3,,, -f  iTSS3,^,    or    COD  ~  COD,,^^  +  iTSS,,^^ 


^^  Another  COD  method  exists  using  potassium  pemianganate.  However,  this  is  basically  used  in  drinking  water  analysis 
and  is  of  no  relevance  for  pulp  and  paper  mill  effluents.  Consequently,  COD  is  used  in  this  report  as  a  syryonym  for 

CODcr- 
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where  GF/A  refers  to  the  glass  fibre  filters  normal  In  North  America,  and  70  ^m  refers  to  the  wire 
mesh  common  in  Scandinavia.  The  results  reported  from  Sweden  in  this  report  have  been 
recalculated  to  unfiltered  COD. 

COD  analysis  can  be  performed  quite  rapidly,  whereas  it  requires,  by  definition,  5  days  to 
determine  BOD.  In  many  cases,  COD  may  correlate  quite  well  with  BOD  for  a  particular  effluent. 
The  difference  between  BOD  and  COD  values  for  one  sample  provides  an  indication  of  the 
presence  of  persistent  materials.  The  COD  analysis  is  more  precise  method  than  the  BOD 
analysis,  thus  it  is  considered  by  some  to  be  better  suited  for  legal  enforcement  than  the  BOD 
analysis.  A  suitable  COD  regulation  can  also  protect  the  receiving  water  against  oxygen  depletion 
in  the  same  way  that  the  BOD  regulation  can  be  used.  This  philosophy  is  generally  adopted  by  the 
Swedish  Environmental  Protection  Agency.  Efficient  (90%  +)  biological  treatment  can  remove  in 
the  order  of  40%  of  the  COD  from  pulp  and  paper  industry  effluents.  Internal  measures  generally 
reduce  COD  in  direct  proiaortion  to  BOD.  For  example,  modification  of  a  digester  system  to  use 
the  recently  introduced  extended  cooking  technology  could  reduce  both  the  BOD  and  the  COD 
discharged  by  the  subsequent  bleaching  operations  by  45%. 

The  COD  of  a  biologically  treated  effluent  represents  the  fraction  of  the  organic  substances  in  an 
effluent  that  the  natural  ecosystems  cannot  readily  degrade,  but  provides  no  Indication  as  to 
whether  these  substances  are  harmful.  Organochlorines  are  generally  a  fraction  of  COD,  where 
the  effluent  sample  originates  in  a  process  using  chlorine. 

COD/AOX  or  DOC/AOX  ratios 

The  COD/AOX  ratio  reflects  the  chlorination  rate  of  organic  materials  provided  that  the  COD 
measurement  is  from  the  bleach  plant,  which  is  generally  not  the  case  for  the  MISA  data.  A  low 
ratio,  below  20,  reflects  a  high  degree  of  chlorination  and  conversely  a  ratio  above  40  reflects  a  low 
degree  of  chlorination,  comparable  to  that  found  in  naturally  occurring  AOX. 

4.1.3  Dissolved  organic  carbon  (DOC) 

DOC  is  an  instrumental  analysis  in  which  a  filtered  water  sample  is  burned  and  the  evolved  CO^  is 
quantified  by  IR-detection,  or  it  is  catalytically  reduced  to  methane  which  is  subsequently  burned 
and  quantified  in  a  flame  ionization  detector.  Thus  It  is  independent  of  the  oxidation  stage  of 
organic  carbon  and  does  not  include  other  elements  such  as  hydrogen,  sulphur,  and  nitrogen 
(APHA  1989).  The  method  may  readily  be  adapted  to  pulp  mill  effluents  (Foike  1984,  Foike  1985). 
DOC  is  not  widely  used  at  the  moment,  but  the  method  could  have  a  potential  in  wastewater 
characterization.  For  an  individual  effluent  It  is  possible  to  correlate  the  measured  DOC  with  COD 
and  BOD.  With  bleach  plant  effluents,  DOC  has  the  advantage  over  COD  in  that  the  ratio  between 
AOX  and  DOC  is  a  direct  measure  of  the  degree  of  chlorination,  i.e.  the  number  of  carbon  atoms 
per  chlorine  atom.  This  is  important  in  order  to  understand  the  nature  of  the  measured  AOX  (see 
page  123).  Unfortunately,  the  international  data  base  on  DOC  is  rather  limited,  causing  some 
difficulty  in  interpreting  the  data  collected. 

4.1.4  Total  Suspended  Solids  (TSS)  /  Volatile  Suspended  Solids  (VSS) 

TSS  Is  determined  by  passing  a  known  amount  of  sample  through  a  filter  paper  and  measuring  the 
change  in  weight  (APHA  1989). 
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The  question  of  impact  of  TSS  on  receiving  waters  is  confused  by  the  fact  that  the  TSS  testing  has 
historicaiiy  been  performed  using  a  wide  variety  of  filter  media  and  methods,  thereby  making  rt 
difficuit  to  evaluate  comparable  Impacts  from  different  dischargers  on  a  uniform  basis.  Thus,  the 
choice  of  filter  is  particularly  important  for  pulp  mill  effluent  due  to  the  presence  of  fibrous 
materials.  Filtration  using  glass  fibre  media  is  the  generally  accepted  methodology  in  North 
America  and  apparently  also  within  the  EEC.  However,  a  number  of  natural  fibre  filter  papers  have 
historically  t>een  used  in  non-standard  methods.  The  glass  fibre  media  filters  always  give  higher 
TSS  concentrations  when  compared  to  results  obtained  from  the  non-standard  natural  fibre  filter 
paper.  The  exact  magnitude  of  this  difference  varies  widely  with  two  to  tenfold  increases  having 
been  reported.  Thus,  any  effluent  TSS  discharge  limitation  must  be  established  with  consideration 
to  the  analytical  procedures. 

In  Sweden  a  70  fxm  wire  filter  is  frequently  used  for  fibrous  materials,  and  measurements  can  differ 
quite  unpredictably  from  results  obtained  from  paper  or  glass  fibre  filters: 

.  -j-gR       =  from  about  1.1  for  concentrated  samples  to  at  least  5  for  very  dilute  samples. 

The  differences  between  TSS  values  determined  by  the  APHA  (1989)  method,  using  the  fiberglass 
filters  and  the  above  mentioned  70  ^m  wire  filter  approach,  are  particularly  marked  when  analyzing 
well  treated  effluents,  since  the  suspended  matter  normally  consists  of  small  particles,  is  present  at 
low  concentration  and  is  non-fibrous.  The  authors  have  generally  avoided  using  Swedish  data  on 
treated  effluent  TSS  when  drawing  conclusions  on  attainable  values  in  this  report,  unless  there  was 
a  clear  statement  that  the  analysis  had  been  performed  by  a  procedure  very  similar  to  that 
described  in  APHA  (1989)  and  used  in  Ontario.  For  example,  the  data  shown  in  Appendix  C  for 
TSS  discharge  from  the  MonsterSs  mill  do  not  reflect  Ontario  testing  methods. 

Suspended  solids  originate  mainly  from  pulp  fibre  losses  and  biosolids  formed  in  secondary 
treatment  systems.  In  some  locations  it  is  important  to  minimize  the  discharge  of  TSS,  since  they 
may  disrupt  the  receiving  water  ecosystem,  depending  on  the  characteristics.  TSS  discharged  by 
a  well  operated  biological  treatment  system  will  generally  not  settle  in  the  receiving  waters,  and  can 
often  be  considered  as  "fish-food".  On  the  other  hand,  TSS  has  been  found  in  some  cases  to  carry 
bioaccumulative  organic  compounds,  including  polychlorinated  dioxins  and  other  toxicants  that 
may  adsorb  onto  the  solids. 

The  characteristics  of  suspended  solids  discharged  from  to-day's  mills  are  very  different  from 
those  prior  to  1970,  which  must  be  considered  carefully  when  evaluating  environmental  effects. 

Volatile  suspended  solids  are  a  further  characterization  of  the  TSS  in  which  the  combustible 
organic  content  is  determined.  For  pulp  mill  effluent  the  difference  between  TSS  and  VSS  is 
generally  low,  but  for  paper  mill  effluents  the  discharge  of  fillers  and  coatings  may  result  in  greater 
differences. 

Control  of  TSS  and  VSS  depends  strongly  on  the  performance  of  the  biological  treatment  system, 
if  one  is  installed.  Internal  measures  for  fibre  recovery,  such  as  white  water  save-alls,  effect 
discharges  significantly  where  there  is  no  biological  treatment  system. 
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4.1.5  Nitrogen  and  ammonia 

The  total  amount  of  nitrogen  compounds  in  an  effluent  can  be  determined  by  total  Kjeldaht 
analysis.  This  method  involves  a  decomposition  of  the  organic  substances  by  heating  with 
concentrated  sulphuric  acid.  Nitrogen  compounds  present  in  higher  oxidation  states  than  amines 
wiii  have  to  be  reduced  by  graphite  or  a  similar  agent  prior  to  the  digestion  in  which  ammonium 
sulphate  is  formed.  By  adding  sodium  hydroxide,  ammonia  can  be  distilled  off  and  the  remaining 
liquor  can  be  quantitatively  back-titrated. 

Not  all  organically  bound  nitrogen  Is  accessible  to  plants  and  microbes  to  build  proteins.  A 
fraction  of  the  nitrogen  compourxls.  particulariy  from  pulp  mill  effluents,  is  very  persistent,  but  not 
necessarily  toxic  or  bioaccumulative,  and  thus  is  of  minor  environmental  importance.  Another 
fraction  of  the  total  nitrogen  can  be  removed  in  biological  treatment  plants. 

Ammonia/ammonium  ions  are  the  most  easily  used  nitrogen  compounds.  Ammonia  is  acutely 
toxic  to  fish  (For  rainbow  trout  LC50  =  1  mg/L  free  ammonia  (Uoyd  1961))  whereas  ammonium 
ions  are  not  toxic.  The  Food  and  Agriculture  Organization  (FAO)  water  quality  criteria  for  aqueous 
ecosystems  is  0.025  mg/L  at  temperatures  above  SdegC  and  pH  <  8  (Alabaster  1980).  The 
concentration  of  free  ammonia  depends  on  temperature  and  pH; 

pKa  =  10.0625  -  0.03325  *  deg  C 
100 


[NH3l%  = 


1  +  loP*^  P" 


Assuming  a  temperature  in  a  river  of  5  deg  C  and  pH  =  7.2,  a  concentration  of  free  ammonia  of 
0.025  mg/L  corresponds  to  a  concentration  of  ammonia  plus  ammonium  ions  of  12,4  mg/L.  At 
pH  8  this  figure  is  reduced  to  1.92  mg/L,  but  even  at  that  pH  the  acute  lethal  concentration  of 
ammonia  plus  ammonium  is  in  the  order  of  80  mg/L  Therefore,  in  general  ammonia  toxicity  is  not 
a  significant  concern  for  pulp  and  paper  mill  effluent.*^ 

In  municipal  sewage  there  is  a  surplus  of  ammonia/ammonium  ions,  so  in  order  to  reduce  fish 
toxicity  in  that  case  there  is  an  interest  in  oxidizing  ammonia  to  nitrate  in  the  course  of  biological 
treatment.  This  puts  certain  constraints  on  the  design  of  municipal  treatment  plants,  which  are  not 
relevant  to  pulp  and  paper  industry  effluent  treatment,  since  these  effluents  are  deficient  in  nitrogen 
compounds. 

Nitrate  and  nitrite  ions  are  probably  a  non-issue  in  pulp  and  paper  mill  effluents  because  of  this 
deficiency  of  nitrogen  compounds.  Plants  and  bacteria  prefer  ammonia/ammonium  ions  to 
nitrate/nitrite  ions  as  the  source  of  nitrogen,  because  this  saves  them  the  energy  for  reducing 
nitrate. 


^^  TherB  have  been  mporfs  of  biologically  treated  pulp  mill  effluent  being  toxic  to  fish  due  to  eurtmonia  formsihn  during 
storage /^ansportation  fmm  sample  site  to  laboratory. 
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The  fraction  of  total  nitrogen  that  is  biologically  available  can  vary  widely  from  one  mill  to  the  other. 
Generally,  the  sum  of  the  ammonium  and  nitrate  nitrogen  is  the  best  indicator  of  the  extent  to 
which  the  effluent  will  contribute  to  eutrophicatlon. 

4.1.6  Phosphorus 

Phosphorus  may  be  Incorporated  Into  organic  compounds,  and  may  be  present  as 
polyphosphates,  orthophosphates  or  similar  compounds.  The  aqueous  chemistry  of  phosphorus 
Is  very  complicated  and  the  interaction  with  heavy  metals  makes  It  very  difficult  to  determine  the 
environmentally  desirable  level,  although  it  is  desirable  in  most  cases  to  reduce  phosphorus 
discharges.  For  example,  the  presence  of  phosphates  precipitates  many  heavy  metals  such  as 
mercury  and  cadmium  in  the  sediment.  In  Sweden  there  are  examples  where  the  presence  of 
phosphate  has  made  cadmium  Inaccessible  to  biota,  and  a  lowering  of  the  phosphate  level  in  that 
particular  lake  increased  the  concentration  of  cadmium  in  fish  from  the  lake.  The  same  can  be  said 
about  mercury  and  several  other  heavy  metals  (MFG  1991).  Although  excessive  levels  of 
phosphate  are  undesirable  from  a  eutrophicatlon  point  of  view,  it  may  not  be  desirable  to  lower  the 
levels  without  consideration  of  the  sink  of  heavy  metals.  For  example,  arsenic  has  severe  effects 
on  algae  in  lakes  that  are  phosphorus  limited,  because  plants  mistake  arsenic  for  phosphate  In  this 
case. 

Phosphorus  presents  a  dilemma  to  regulators  of  the  Ontario  pulp  and  paper  industry.  It  seems  to 
be  generally  agreed  that  most  receiving  waters  in  Ontario  would  benefit  from  reductions  In 
phosphorus  input,  while  the  addition  of  the  biotogical  effluent  treatment  plants  which  can  reduce 
BOD  and  other  pollutants  so  efficiently  will  result  in  Increased  discharges  of  phosphorus. 

Furthermore,  lakes  become  less  vulnerable  to  acid  rain  if  levels  of  phosphates  are  not  too  low, 
because  phosphate  precipitates  aluminium  ions  that  are  released  at  lower  pH.  Reasonal>le  fish 
production  is  also  dependent  on  the  phosphorus  level  not  being  too  low. 

The  Ascorbic  Acid  Method.  4500-P  E  (APHA  1989)  is  recommended  for  phosphate  analysis,  when 
being  performed  for  operational  control  of  biological  effluent  treatment  plants,  because  it  is 
superior  in  precision  and  accuracy  to  the  Stannous  Chloride  Method  4500-P  D  (APHA  1989),  The 
latter  develops  interferences  when  applied  to  some  wastewater  discharges  (Jenkins  1991).  Both 
procedures  are  described  in  APHA  (1989). 

4.1.7  Sulphur 

Sulphide  may  be  present  in  black  liquor  from  kraft  pulping.  The  presence  of  other  sulphur 
compounds  such  as  sulphate  in  effluents  may  lead  to  formation  of  sulphides  under  anaerobic  or 
anoxic  conditions.  Sulphides  are  very  toxic,  especially  under  acklic  condition  due  to  the  formation 
of  HjS.  Still,  sulphides  are  easily  oxidized  to  sulphates  under  aerobic  conditions  in  a  treatment 
plant  and  are  therefore  a  non-issue  in  biologically  treated  pulp  and  paper  mill  effluents. 

4.1.8  Colour  and  turbidity 

Colour  and  turbidity  are  not  only  of  aesthetic  concern,  they  can  reduce  the  penetration  of  sunlight 
into  low-flow  receiving  waters  and  impede  the  growth  of  water  vegetation,  thus  creating  an 
Imbalance  in  the  receiving  water  ecosystem.     These  variables  are  not  covered  by  the  MISA 
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program,  but  in  other  parts  of  the  world  (e.g.  India  and  Egypt)  these  variables  are  of  the  highest 
concerns,  due  to  the  aesthetic  concern,  and  the  use  of  polluted  waters  as  drinking  water. 

4.1.9  Specific  conductivity 

Specific  conductivity  measures  the  ionized  materials  In  the  water  sample,  such  as  sodium, 
chloride,  sulphate,  ionized  organics  {acetic  acid)  and  others.  Pure  water  has  very  low  conductivity 
whereas  sea  water  has  a  high  conductivity.  Water  with  a  high  conductivity  tends  to  be  more 
corrosive  than  water  with  low  conductivity,  and  corrosion  is  frequently  cited  as  one  of  the  principal 
limiting  factors  in  reducing  water  usage  and  effluent  flows  in  mills  by  internal  recycle.  Therefore, 
conductivity  data  provide  a  useful  indication  of  the  likelihood  of  a  water  conservation  program 
being  successful.  (COD  provides  an  Indication  of  the  extent  to  which  high  concentrations  of 
organic  substances  may  interfere  with  increased  water  recycle.)  Bleached  kraft  mills  in  Ontario 
generally  have  conductivity  exceeding  1500  ^s/cm,  but  in  some  cases  conductivity  is  closer  to 
1000  /is/cm,  indicating  possibilities  for  water  savings.  Ontario  newsprint  mills  have  conductivity 
exceeding  lOOO/xs/cm.  N  on -integrated  paper  mills  will  have  lower  conductivity  than  kraft  mills, 
and  frequently  COD  is  the  limiting  factor  for  water  closure  of  these  paper  mills.  Still,  waste  paper 
mills  with  little  or  no  effluent  will  have  corrosion  problems  due  to  ions.  Generally,  where 
conductivity  is  low  relative  to  similar  mills,  the  prospects  for  implementing  a  successful  water 
conservation  programme  are  good. 

4.1.10  Toxicity 

In  Canada,  Including  Ontario,  the  term  "toxicity"  is  used  very  widely,  without  qualification  to  refer  to 
acute  lethality  to  rainbow  trout  in  a  96  hour  test.  Generally,  the  authors  of  this  report  have  adopted 
this  approach,  despite  its  lack  of  acceptance  elsewhere,  and  the  potential  for  confusing  the  reader 
who  is  not  familiar  with  the  history  of  regulating  industrial  effluents  in  Canada  over  the  past  20 
years  by  a  variety  of  "toxicity  tests",  all  based  on  variations  of  the  96  hour  LC^q 

In  the  context  of  this  report,  "toxic"  and  "toxicity"  generally  refer  to  acute  lethality  to  rainbow  trout 
(96-hour  LC50)  or  Daphnia  magna  (48-hour  LC50),  as  determined  by  the  Ministry's  standard  tests. 

The  following  terms  have  been  adopted  by  many  toxicologists  associated  with  the  "Group  of 
Experts  on  the  Scientific  Aspects  of  Marine  Pollution",  which  is  an  international  body  supported  by 
the  UN,  and  other  international  organizations,  to  describe  various  levels  of  toxicity: 

LC5Q  <  Img/L  Highly  toxic 

LC5Q  1-10  mg/L  Moderately  toxic 

LC50  10-100  mg/L  Slightly  toxic 

LC50 100-1000  mg/L  Practically  non-toxic 

LC5Q  >  1000  mg/L  Non  hazardous 

This  terminology  is  interxied  to  be  used  to  describe  pure  chemicals,  or  commercial  products.  It  is 
also  applicable  to  specific  compounds  or  groups  of  compounds  (e.g.  resin  acids)  in  pulp  mill 
waste,  but  is  hardly  relevant  to  the  very  dilute  concentrations  found  in  mill  effluents. 

There  were  no  data  on  sub-lethal  or  chronic  toxicity  of  the  Ontario  mill  effluents  collected  during 
the  1990  MISA  monitoring  program.    Sprague  (1991)  and  Bonsor  (1988)  emphasized  that  such 
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effects  may  be  more  significant  than  acute  lethality,  so  the  present  authors  have  commented  on 
the  extent  to  which  the  alternative  technology  trains  for  kraft  mills  discussed  in  Chapter  7  may 
reduce  such  effects. 

Two  recent  reports  prepared  for  the  Ministry  of  the  Environment  discussed  the  environmentally 
Important  aspects  of  pulp  and  paper  mill  effluent  toxicity  in  considerable  detail  (Sprague,  1991  for 
non-kraft  mills  and  Bonsor,  1988  for  kraft  mills).  Since  one  of  the  authors  of  the  present  report  was 
a  co-author  of  both,  it  Is  necessary  to  mention  the  following  points: 

The  previous  reports  questioned  the  ability  of  biological  treatment  plants  to  produce 
non-lethal  effluents  consistently.  Evidence  from  recent  installations,  discussed  in 
the  present  report,  has  demonstrated  that  it  is  now  possible  to  design,  build  and 
operate  effluent  treatment  systems  which  will  consistently  pass  the  current  acute 
lethality  test. 

The  previous  reports  made  many  recommendations  on  modifications  to  Ministry  policy 
and  procedures  with  respect  to  toxicity  of  pulp  and  paper  mill  effluents.  These  have  NOT 
been  considered  by  the  present  authors,  who  have  accepted  the  established  MOE  policy, 
in  accordance  with  the  marxJate. 


4.2  Resin  Acids 


SUMMARY  Resin  acids  are  synthesized  naturally  in  trees  and  may  be  more  concentrated  in 
effluents  from  mechanical  pulping  than  from  chemical  pulping  operations.  In  kraft  mill  effluents 
high  concentrations  may  mean  excessive  losses  of  black  liquor. 


Resin  acids  are  naturally  occurring  compounds  In  wood  resins,  particularly  in  pine  and  spruce. 
The  amounts  are  particularly  high  in  concentrated  effluents  from  mechanical  effluents.  If  equally 
high  amounts  of  resin  acids  are  found  in  kraft  mill  effluent,  their  origin  is  frequently  spills  of  black 
liquor  and  soap  or  black  liquor  carry-over  (perhaps  poor  brown  stock  washing).  Figure  18  shows 
the  resin  acids  found  In  softwood. 
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Resin  acids  are  also  found  in  lower  concentrations  in  mills  usir^  recycled  unbleached  stoci(. 


IsoplmartcAcId 


^COOH 

Sanderaco- 
plmartc  Ackl 


■QOOH 
Neoabtetic  AckJ 


GOGH 

Dehydroabletic  Acid 


COOH 
Paluatnc  Acid 


CCOri        .. 
Daxtropirn  aric  Acid 


Lavoptmaric  Acid 

Figure  16  Resin  acids  found  In  softwood 

A  major  fraction  of  the  toxicity  towards  fish  originates  from  fatty  and  resin  acids  (McLeay  1987).  In 
the  case  of  the  MonsterSs  kraft  mill  mentioned  In  Appendix  C  (SSVL  1990),  about  14  g/ADt  of  resin 
acids  (0.2  g/ADt  Is  dichlorodehydroabietic  acid),  8  g/ADt  of  saturated  fatty  acids  arxJ  1  g/ADt  of 
unsaturated  fatty  acids  were  reported  in  the  untreated  effluent.  Resin  acids  and  unsaturated  acids 
are  reduced  below  1  g/ADt  by  the  biological  treatment  system,  whereas  saturated  fatty  acids  are 
reduced  to  only  5  g/ADt. 

The  discharge  rates  of  resin  acids  found  during  the  1990  MISA  monitoring  program  were  quite 
variable.  Details  are  In  Appendix  B.  Discharges  from  the  kraft  mills  are  summarized  in  Figure  19. 


September  1,  1991. 


-121- 


4.2  Resin  Acids 


N.  McCubbin  Consultants  Inc, 


BAT  Definition  Study,  Pu(p  and  Paper  Sector 


HESlNACD.XLS/7 


CPFP  (T-  Bay) 
Domtar  (R.R.) 
Janwa  RIvef 
Dotntar  (Cnwall) 
Malette 
CPFP  (Dryden) 
Boise  (Ft  F) 
Eddy  (Espanola) 
K-C  (Terr.  B) 


Jun 


Figure  19  Resin  acid  discharges  from  kraft  mills 

The  mills  with  biological  treatment  systems  which  discharge  low  quantities  of  BOD  have  very  low 
resin  acid  discharge  rates.  Other  mills  are  higher,  with  the  two  kraft  mills  which  also  manufacture 
mechanical  pulp  having  the  highest  discharge  rates. 


4.3  Neutral,  Non-chlorinated  Compounds 

Benzene  and  alkyl-substrtuted  benzenes  such  as  toluene,  xylenes  and  styrene  are  all  constituents 
of  gasoline  and  many  solvents  such  as  mineral  turpentine.  They  are  aerobicaliy  degradable  and 
the  low-mass  ones  can  be  purged  during  aeration.  In  the  atmosphere  these  compounds  react  with 
hydroxyl  radicals  and  ozone,  e.g.  in  the  case  of  styrene  with  a  half-life  of  about  2.5  hours 
(Howard  1989).  Minor  amounts  of  these  compounds  in  effluents  do  not  present  any  significant 
environmental  problem. 

Pdyaromatic  hydrocarbons  (PAH)  originate  from  crude  oil  or  incineration  processes.  They  are 
widespread  in  the  environment  and  possibly  also  in  pulp  mill  effluents,  although  their  source  is 
unlikely  to  be  the  pulp  manufacturing  process.  These  compounds  are  generally  bioaccumulative 
and  highly  toxic  so  environmental  exposure  should  be  minimized.  The  only  known  technology  for 
reducing  their  presence  in  pulp  and  paper  mill  effluents  would  be  to  avokl  the  use  of  petroleum 
products,  or  more  realistically  to  avokl  leaks  of  these  oils  to  sewers.     Addressing  this  issue 
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Specifically  in  pulp  mill  effluents  may  not  be  the  most  cost  effective  way  of  reducing  environmental 
exposure. 

4.4  Adsorbable  Organic  Halogen  (AOX) 


SUMMARY  AOX  is  an  analysis  of  organohaiogens  that  are  adsorbable  on  activated  charcoal.  In  a 
pulp  mill  effluent  AOX  is  an  approximate  measure  of  total  organochlorine  compounds.  It  consists 
of  approximately  80%  high-molecular  mass  materials  (>  1000  dalton),  19%  relatively  hydrophilic 
(water  soluble)  low-molecular  mass  compounds,  0.09  %  relatively  lipophilic  (fat  soluble, 
potentially  bioaccumulative)  compounds,  and  0. 1%  highly  lipophilic  (bioaccumulative) 
compounds.  The  exact  composition  varies  considerably  depending  on  its  origin.  Low 
chlorinated  AOX  is  proven  to  be  biosynthesized  In  aquatic  and  terrastic  ecosystems. 

AOX  is  an  approximate  measure  of  the  total  chlorinated  organic  material  in  the  effluent.  The 
materials  include  chemically  unstable  fractions  that  can  be  dechlorinated  by  chemical  action  or 
can  be  partially  broken  down  in  biological  treatment  plants.  Some  components  remain  persistent 
and  may  remain  in  the  environment  for  sometime.  AOX  is  an  attempt  to  quantify  the  mass  of 
chlorinated  compounds  formed  but  falls  somewhat  short.  Nevertheless,  it  measures  more  of  the 
total  amount  than  any  other  currently  used  single  analytical  test.  


AOX  is  an  Instrumental  analysis  of  organically  bound  halogens  (chlorine,  bromine,  Iodine)  that  can 
be  adsorbed  on  granular  activated  charcoal.  In  pulp  and  paper  mill  effluents,  chlorine  Is  the  only 
halogen  present  in  significant  quantities.  Organohaiogens  that  are  not  adsorbable  on  this  charcoal 
bed  are  not  Included  In  this  analysis.  The  Swedish  TOCI  analysis  Is  similar  In  that  It  uses  XAD-resIn 
to  adsorb  and  desorb  organochlorines  to  analyse  different  fractions.  The  actual  chemical 
composition  of  effluent  AOX  varies  from  one  effluent  to  another,  and  two  AOX  samples  cannot 
easily  be  compared.  For  example,  the  ratio  of  chlorine  to  carbon  varies  significantly.  One  AOX 
figure  may  arise  from  high-chlorinated  matter  with  a  significant  proportion  of  bioaccumulative 
compounds,  whereas  another  figure  may  arise  from  low-chlorinated  matter  that  Is  equivalent  to  the 
organochlorine  matter  that  Is  biosynthesized  In  aquatic  ecosystems  (Grimwall  1991).  In  ail  cases  a 
fraction  of  AOX  consists  of  chemically  unstable  or  readily  biodegradable  materials,  which  are  easily 
mineralized  (decomposed  to  harmless  chloride)  in  any  biological  treatment  plant.  The  AOX 
materials  which  are  not  mineralized  during  biological  treatment  may  be  regarded  as  more 
persistent  In  the  environment,  and  a  fraction  of  this  material  may  even  bioac cumulate.  Therefore, 
this  AOX  fraction  is  potentially  the  most  hazardous  one. 

Extractable  organochlorines  (EOCI)  using  hexane  and  persistent  extractable  organochlorines 
(EPOCI)  (treatment  with  sulphuric  acid  adsorbed  to  kisel  gei)  were  also  determined  in  the 
MonsterSs  study  mentioned  In  Appendix  C.  EOQ  was  reduced  from  8.5  g/ADt  to  1 .5  g/ADt  during 
treatment,  whereas  EPOCI  remained  approximately  the  same  at  0.5  g/ADt.  Eari  and  Reeve 
(1989, 1990)  reported  laboratory  values  for  EOCI  being  closely  related  to  the  amount  of  chlorine 
used  In  the  first  bleaching  stage.  The  sequence  DjjjCE  on  a  Kappa  30  unbleached  pulp  and  a 
chlorine  multiple  of  0.14  resulted  in  EOQ  of  12  g/ADt  being  formed  (Eari  1989,  1990). 
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Conventional  chlorine  kraft  bleaching  leads  to  a  high  molecular  mass  fraction  with  the  elementary 
composition  (IPK  1982): 

Untreated:  C^  H,  O,  CI  to  C,^  H„  0,  01 

An  atomic  analysis  of  the  high-mass  fraction  of  AOX  at  MonsterSs  gave  the  following  elementary 
composition  (SSVL 1990): 

Untreated:  C,,.,  H^, ,  N,,  0,,,,  S,,  Q,,  Na,,  Ca,, 

Treated:  C^ , H3, ,  N,3  0„,  S,,  CI, „ Na,., Ca, , 

Apart  from  insignificant  hydrolysis,  biological  treatment  does  not  seem  to  affect  the  elementary 
composition  of  this  high  mass  material.  An  oxidative  degradation  and  subsequent  analysis  of 
aromatic  carboxylic  acids  revealed  the  same  kind  of  aromatics  as  are  the  precursors  for  the 
chlorophenolics.  There  were  insignificant  differences  in  the  findings  in  the  treated  and  untreated 
effluent.  Molecular  masses  show  maxima  in  the  range  from  1,500  to  15,000  for  both  treated  and 
untreated  effluents.  The  chlorination  ratio  of  aromatic  structures  is  somewhat  lower  for  this  high 
mass  material  than  for  low  mass  compounds.  Conventional  chlorine  bleaching  without  0-stage 
predelignification  causes  discharges  of  effluent  with  the  breakdown  of  components  generally  as 
shown  in  Figure  20. 


C-Stage 


E-Stage 


Mm  <  1,000 


Mm  >  25,000 


1.000  <  Mm  <  10,000 


10,000  <  Mm  <  25,000 


Source:  IPK  1982 

Figure  20  Molecular  mass  distribution  of  the  TOCI  in  conventional  C-  and  E-stage  effluents 

A  typical  example  of  the  breakdown  of  the  types  of  organochlorines  that  are  to  be  found  in  an 
untreated  softwood  kraft  effluent  is  shown  in  Figure  21.  The  AOX  of  the  effluent  was  1.9  kg/ADt. 
The  annual  average  reduction  of  AOX  across  the  ASB  at  the  mill  was  reported  to  be  42%, 
corresponding  to  1.1  kg/ADt  in  the  treated  effluent.    About  20%  of  the  production  is  based  on 


September  1,  1991. 

TIC  ltd   ltl»-   HUIPIO  DOC  tl 


-124- 


4.4  Adsorbable  Organic  Halogen  (AOX) 


N.  McCubbin  Consultants  Inc.  BAT  Definition  Study,  Pulp  and  Paper  Sector 


hardwood,  so  the  combined  annual  figure  Is  below  1  kg/ADt  (Appendix  C).  A  fraction  of  the  EOX 
is  also  biodegradable. 


EPOX  0.15%) 


EOX  (5%) 


I -^  Blod*9r  (6%) 

Pwalstent,  lipophilic 

Molecular  n^ass  <  1000  (1^%) 


BlodegradabI* 
Persistant  (57%)    ^^^-  -^^  ^^^"^ 


JPIEFIGSJCLS  Chart  2 


Untreated  bleached  softwood  kraft  pulp  mill  effluent  from  Monsteris.  Data  has  been  recaiculated  from  SSVL  (1990) 

Figure  21  Approximate  composition  of  AOX 

Figure  21  presents  an  estimate  of  the  constituents  making  up  the  AOX  of  untreated  effluent  at 
MonsterSs  based  on  the  discussion  in  Appendix  C  where  the  data  originate  from  the  "three  bleach 
line"  study  in  Sweden  (SSVL  1990).  The  sample  of  treated  effluent  used  In  that  study  is  slightly 
higher  in  AOX  than  the  annual  average  AOX  figure:  1 .3  kg/ADt  versus  1.1  kg/ADt  for  softwood.  The 
study  indicated  a  reduction  of  AOX  from  2.1  kg/ADt  to  1.3  kg/ADt,  whereas  the  TOCI  was 
correspondingly  reduced  from  1.6  kg/ADt  to  1.2  kg/ADt,  thus  Indicating  a  greater  difference 
between  AOX  and  TOCI  in  untreated  effluent  (2.1  kg/ADt  and  1.6  kg/ADT)  than  In  treated  effluent 
(1.3  kg/ADt  and  1.2  kg/ADT).  Figure  21  is  based  on  the  TOCI  analyses  and  is  not  consistent  with 
the  42%  reduction  of  AOX  during  treatment  mentioned  above. 

The  ExtractaWe  Organic  Halogen  (EOX)  method  has  not  been  standardized.  If  analyzing  for  EOX, 
an  appropriate  protocol  distinguishing  EOX  from  POX  (Purgeabie  organohalogens)  should  be 
used.  Otherwise  EOX  may  just  be  an  unrevised  estimate  of  chloroform. 
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4.4.1  Calculation  of  AOX  content  of  effluents 


SUMMARY  An  equation  was  developed  to  predict  the  AOX  discharge  rate  for  possible  process 
modifications.  It  is  similar  to  equations  used  by  others,  but  coefficients  were  adjusted  to  fit  known 
data  on  the  Ontario  kraft  mills  gathered  during  the  1990  MISA  monitoring  program. 


To  evaluate  alternative  processes  for  improving  mill  effluent  quality,  It  Is  necessary  to  be  able  to 
predict  the  AOX  discharge  rate  for  any  proposed  process  modification. 

GermgSrd  (1983)  proposed  the  following  equation  for  calculation  of  the  organically  bound  chlorine 
(TOO)     discharge  from  kraft  bleach  plants,  and  it  has  become  quite  widely  accepted. 

H       D 

Organically  bourxl  chlorine  =  k  x  (C  +  j  +  ^)  kg/tonne  pulp 

where      k  is  a  constant  in  the  range  0.07  to  0.1 1  ff  C,H,  and  D  are  in  the  units  kg/tonne  pulp 
and  the  Organically  bound  chlorine  is  determined  according  to  the  TOCI 
analysis  procedure  described  by  Sjostrom  (1981) 
C  is  total  molecular  chlorine  charge 

H  is  hypochlorite  charge,  as  equivalent  molecular  chlorine  (=  1.05  x  NaOCI) 
D  is  chlorine  dioxide  charge  as  equivalent  molecular  chlorine  (=  2.63  x  CIO2) 


The  authors  reviewed  a  number  of  publications,  and  discussed  the  problem  of  predicting  AOX 
discharges  with  several  scientists  with  extensive  experience  in  measuring  AOX  discharges,  and  the 
consensus  seems  to  be  that  the  above  mentioned  equation  is  the  best  available  at  present,  but  that 
selecting  the  appropriate  value  for  "k"  is  open  to  some  discussion.  It  appears  that  the  value  of  "k" 
should  decrease  somewhat  for  chlorine  dioxide  substitution  over  70%  (Liebergott  1991). 

The  above  equation  has  been  quite  wWely  used  in  Scandinavian  literature.  Many  statements  in 
both  Scandinavian  and  North  American  literature  which  one  might  presume  to  be  based  on 
chemical  analysis  of  mill  or  laboratory  effluent  streams  are  actually  based  on  the  equation; 
although  the  authors  rarely  mention  the  value  they  selected  for  the  "k"  factor. 

The  data  available  from  the  1990  MISA  monitoring  program  (MISA  1991)  provWe  more  information 
on  mill  AOX  discharges  than  has  been  available  in  the  past,  since  analyses  were  conducted  three 
times  a  week.  Unfortunately  the  relevant  mill  operating  conditions  and  effluent  treatment  plant 
input  AOX  concentrations  were  not  recorded  simultaneously,  so  It  is  not  possible  to  corxJuct  a 
rigorous  comparison  of  the  foregoing  equation  with  the  measured  AOX  discharges. 

Earlier  literature  proposed  values  from  0.05  to  0.07  for  k,  but  analysis  of  the  MISA  monitoring  data 
(MISA  1991)  indicates  that  a  value  of  0.08  Is  the  most  appropriate  for  "k",  up  to  70% 
substitution,  but  that  lower  factors  are  appropriate  tor  higher  substitution  levels.     The 

foregoing  equation  ignores  any  treatment  of  the  bleach  plant  or  whole  mill  effluents,  but  a  review  of 


46 

In  this  section,  note  that  TOCI'  refers  specificaify  to  the  values  obtained  by  analysis  using  intrafiHration  and  XAD  resin 

acconiing  to  Sjostrom  (1982). 
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the  literature  and  comparison  with  the  data  in  MISA  1991  indicates  tiiat  an  aerated  stabilization 
basin  can  remove  approximately  40%  of  the  AOX  entering. 

The  original  equation  proposed  by  GermgSrd  was  based  on  bleaching  with  chlorine  dioxide 
substitution  rates  under  70%.  Llebergott  (1991)  presented  curves  Indicating  effectively  that  "k" 
declines  at  substitution  rates  over  70%.  The  authors  have  therefore  used  a  modified  value  for  "k" 
as  follows  where  substitution  is  over  70%: 

The  calculations  of  AOX  discharges  in  this  report  are  based  on: 

H       n 

AOX  =  k  X  (C  +  2  +  ^*  (l-Og)  kg/tonne  pulp 

Where  eg  is  the  AOX  removal  efficiency  of  the  biological  treatment  system, 

40%  for  ASB, 

33%  (Rempel  1991)  for  activated  sludge. 

k  =  0.08  when  the  bleach  plant  is  operating  with  less  than  70%  chlorine  dioxide 

substitution  In  the  first  stage,  and 

k=  0.08  X  (1-7  -  (*'"ic!o""^))  where  substitution  Is  greater  than  70%. 

Andrews  (1991)  and  personal  communication  with  several  mill  staff  responsible  for  full  scale  pulp 
production  trials  with  100%  chlorine  dioxide  substitution  confirm  that  the  values  calculated  from 
these  equations  are  realistic. 

The  right-hand  side  of  Figure  22  shows  the  errors  which  result  when  the  foregoing  approach  Is 
applied  to  the  five  mills  In  Ontario  which  did  not  have  biological  treatment  systems  In  1990,  The 
Domtar  (Cornwall)  mill  shows  by  far  the  greatest  error.  The  authors  speculated  that  the  AOX 
discharged  from  the  ialeachlng  operation  was  being  reduced  by  reaction  with  black  liquor  In  the 
sewere.  The  mill  makes  a  practice  of  ensuring  that  the  brown  stock  screening  operation,  which  Is 
Installed  generally  as  shown  In  the  traditional  kraft  mill  flowsheet  on  page  73,  washes  the  pulp  as 
well  as  possible  to  minimize  organics  entering  the  chlorlnatlon  stage.  Since  the  black  liquor  solids 
removed  by  the  washing  action  inherent  In  the  screening  operation  are  discharged  to  sewer,  this 
results  In  the  organics  and  sulphide  being  available  to  reduce  AOX  concentrations  by  reactions 
similar  to  those  described  by  Mllosevich  (1991).  Domtar  advised  the  authors  (personal 
communication  from  Paul  Tessier,  Co-ordlnator  Environment,  Domtar,  Montreal  June  91)  that  their 
data  have  Indicated  that  the  AOX  leaving  the  bleach  plant  was  identical  to  that  measured  by  the 
MISA  program  In  the  final  effluent.  The  reasons  for  the  unexpectedly  low  AOX  discharge  by  the 
Cornwall  mill  must  therefore  remain  unknown.  If  the  wood  species  used  at  Cornwall  are  the  reason, 
then  the  final  effluent  AOX  achieved  by  any  of  the  technology  trains  will  be  lower  than  predicted. 

The  Domtar  (Red  Rock)  mill  operated  with  a  relatively  high  brown  stock  washer  loss 
(approximately  30  kg/tonne  as  saltcake)  at  the  time  of  the  sampling,  so  a  similar  reaction  could 
perhaps  explain  the  low  AOX  discharge. 
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Figure  22  Calculated  vs  measured  AOX  for  Ontario  kraft  mills 

The  left-hand  side  of  Figure  22  shows  the  errors  between  the  above  equation  and  the  measured 
data  for  the  four  mills  with  biological  treatment.  The  error  is  very  small,  except  for  the  E.B.  Eddy 
(Espanota)  mill,  where  it  is  i<nown  (Cook  1990)  that  there  is  a  gratuitous  reduction  of  at  (east  10% 
AOX  in  the  sewer  system,  which  is  believed  to  be  caused  by  reaction  with  boiler  ash. 

The  authors  concluded  that  the  above  equation  is  satisfactory  for  the  purposes  of  this  report. 
IHowever,  while  it  is  probably  as  reliable  as  many  of  the  calculations  used  in  designing  mill 
processes,  it  must  be  recognized  that  the  prediction  of  AOX  discharges  is  far  from  an  exact 
science,  and  lacks  the  years  of  experience  underlying  predictions  of  discharges  of  traditional 
pollutants.  The  curves  in  Figure  23  present  the  results  of  calculations  from  this  equation  for  various 
pulping  and  bleaching  conditions,  for  softwood  pulps.  Bleach  chemical  demands  were  calculated 
from  the  data  presented  in  Figure  1 2  on  page  78. 
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AOX  discharges  prior  to  biological  treatment.  Calculated  by  the  authors  using  the  equations  discussed  in  text. 

Figure  23  AOX  discharges  for  various  puiping  and  bleaching  conditions  (softwood) 

AOX  discharges  from  hardwood  will  normally  be  substantially  lower,  since  lesser  quantities  of 
chlorine  based  compourxis  are  required  to  bleach  iiardwood. 


4.5  Formation  of  Organochlorlne  Compounds 


SUMMARY  The  reaction  of  chlorine  and/or  hypochiorite  with  lignin  residuals  from  the  cooi<ing 
process  creates  organochlorlne  compounds.  These  take  many  forms  and  those  that  have  been 
identified  total  In  excess  of  300  compourKis.  Of  these  compounds  the  chlorophenollcs  are 
probably  the  better  known  group  of  compounds. 


The  main  pathway  for  the  formation  of  organochlorlne  compounds  is  by  reaction  of  elemental 
chlorine  or  hypochlorite  with  lignin  residues  from  the  cooking  process. 

4.5.1  Chlorophenollcs 

Chlorophenolics  are  formed  In  the  C-stage  after  electrophilic  sidechain  displacement  reactions  of 
lignin  residuals  which  can  be  followed  by  one  or  several  aromatic  substitution  reactions  (up  to  four 
chlorine  atoms  may  t>e  added  to  non-chlorinated  phenolic  precursors).  Precursors  may  originate 
from  the  delignification  processes  occurring  during  cooi<ing  or  by  the  oxidation  reactions  of 
chlorine.  Often  chlorophenolics  formed  in  the  C-stage  are  only  extracted  in  the  E-stage  due  to  the 
nonionized  (water  insoluble)  form  they  have  in  the  C-stage. 
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A  ■=  Becuophilic  aromatic  substitution;  B  =  DectrophilJc  sidechain  displacement;  C  =  Aliphatic  ether  cleavage; 

D  =  Further  oxidation  reactions. 

Figure  24  Reaction  pathways  for  lignin  residuals  with  chlorine 

The  phenolic  structures  that  may  be  formed  by  these  reactions  are  summarized  in  Figure  25. 
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Spent  bleach  liquors  from  hardwood  and  softwood  fibres 

Figure  25  Chlorophenolics  reported  (IPK  1982) 

The  type  and  amount  of  chlorophenolics  to  be  found  in  different  spent  bleach  liquors  depend  on 
the  raw  material,  the  pulping  process  and  the  amount  of  chlorine  used  for  bleaching.  Spent  bleach 
liquors  from  softwood  l<raft  pulp  normally  contains  the  highest  amounts  of  chlorophenolics,  i.e.  the 
chlorinated  phenols,  guaiacols,  catechols,  and  vanillins.  Spent  bleach  liquors  from  hardwood  pulp 
contain  sn^ller  amounts  than  softwood,  but  syringols  may  be  present,  which  are  not  found  in 
softwood  effluents,  as  precursors  are  lacking  in  the  softwood  lignin. 

Recent  results  from  the  MonsterSs  mill  studies  indicate  that  when  oxygen  delignification  is  used 
prior  to  a  C/D  stage  with  a  low  chlorine  multiple,  mainly  dichlorinated  phendics  are  formed 
(~27g/ADt)  with  less  monochlorinated  (~7g/ADt)  and  trichlorinated  phenolics  (~10g/ADt). 
Hardly  any  tetrachlorinated  phenolics  are  formed  during  bleaching  (SSVL  1990).  The  same  study 
includes  data  on  the  ASB  performance  which  also  indicate  that  monochlorinated  phenolics  are 


September  1, 1991. 

TEC   Hi  rila:   l*It[PI«.MK   •' 


-130- 


4.5  Formation  of  Organochlorine  Compounds 


N.  McCubbIn  Consultants  Inc.  BAT  Definition  Study,  Pulp  and  Paper  Sector 


essentially  removed,  and  dichlorinated  phenolics  are  reduced  to  one-third,  whereas  tri-  and 
tetrachlorlnated  phenolics  resist  biological  degradation  in  the  treatment  system.  (The  latter  types 
of  phenolics  are  by  far  the  most  hazardous  fraction).  The  total  reduction  of  chlorophenolics  during 
ASB  treatment  was  58%.  These  types  of  chlorophenolics  are  derived  from  phenols,  guaiacols, 
catechols  and  vanillins  as  could  be  expected  from  softwood  pulping.  The  total  level  of  chlorinated 
phenolics  (40  to  45  g/ADt)  Is  significantly  lower  than  reported  from  bleach  plants  without  0-stages 
(80  to  250  g/ADt). 

The  presence  of  dl-  and  trichlorophenols  found  during  the  MISA  program  in  a  bleach  plant  effluent 
can  be  taken  as  an  indication  of  the  presence  of  chlorinated  guaiacols,  catechols  and  other  lignin 
related  chlorophenolics  as  well^.  The  other  chlorophends  analysed  in  the  MISA  program, 
i.e.  2,3,4,  2,3.5,  2,4,5-trichiorophenols,  tetrachiorophenols  and  pentachlorophenols  cannot  be 
formed  from  direct  chiorination  of  phenol  at  atmospheric  pressure,  and  probably  originate  outside 
the  bleach  plant  itself,  e.g.  wood  preservatives. 


4.6  Lipophilic,  Neutral  Organochlorines 

Around  60  lipophilic  pollutants  have  been  identified  by  GC/MS  (gas  chromatograph/mass 
spectrometry)  analysis  In  the  effluents  from  MonsterSs.  Most  of  those  were  reduced  significantly 
during  biological  treatment  in  ASB,  but  higher  chlorinated  ones  tend  to  be  more  stable.  Treatment 
with  sulphuric  acid  eliminated  most  of  the  lipophilic  compounds  except  chlorinated  phenolics, 
chlorinated  and  non-chlorinated  p-Cymens  and  trimethyl-2-cyclopentenone. 


p-Cymen  Trlmethyl-2- 

cyclopentenone 

Figure  26  Compounds  that  are  not  degraded  in  biological  treatment  (ASB) 

Chloroform,  chloro-acetones,  aldehydes  and  acetic  acids  may  be  formed  in  both  C,  E,  and  H  pulp 
bleaching  stages  (Dallons  1990,  Hrutfiord  1990): 

The  H-stage  Is  by  far  the  largest  chloroform  producer,  150  to  200  g/ADt  or  5  to  15  times  the 
magnitude  of  C,  E,  and  D-stages  combined,  and  the  magnitude  of  the 
hypochlorite  charge  is  the  dominant  factor  affecting  the  amount  of  chloroform 
produced  in  the  H-stage.  The  classical  haloform  reaction  is  the  main  reaction 
responsible  for  chloroform  formation  from  methyl -i<etones  (from  lignin 
precursors).  This  reaction  is  most  efficiently  catalyzed  by  alkaline  conditions  as 
shown  in  Figure  27. 


^*    The  1990  monitoring  program  did  not  Include  these  substances,  apparently  because  of  the  lack  of  defined  testing 
pnstocols. 


September  1,  1991.  -  131  -  4.6  Lipophilic,  Neutral  Organochlorines 

lif   ]>S  fll.     M'lfPIO  DOC    »' 


N.  McCubbin  Consultants  Inc- 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Chloroform  intermediates  are  also  formed  in  the  C-stage,  and  chloroform  is  realized  upon 
treatment  with  hypochlorite.  If  the  intermediate  compounds  are  only  subjected  to 
a  neutral  or  basic  pH  environment,  methylene  chloride  may  be  formed  instead. 

Meta-dihydroxylated  aromatic  compounds  and  several  other  hydroxy  and  carbonyl  structures 
which  may  be  formed  from  llgnin  are  precursors  for  the  formation  of 
chloromethanes,  chloroacetic  acids  and  chloroacetones  when  reacted  with 
chlorine  in  acidic  media. 
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Acidic  Catalysis 
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Most  effective  under  alkaline  condition  (H-Stage),  but  can  take  place  under  acidic  condition  as  well  (C-stage) 

Figure  27  The  classical  haloform  reaction 
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The  meta-substituted  catechol -precursor  may  be  formed  by  many  reactions  taking  place  in  an 
acidic  media  containing  elemental  chlorine,  i.e.  C  or  C/D-stages.  Thus,  the  elimination  of  the 
hypochlorite-stage  of  older  bleach  plants  does  not  itself  prevent  chloroform  formation,  although 
the  classic  all<aline  catalyzed  haloform  reaction  in  hypochlorite  stages  accounts  for  the  greater 
fraction  of  chloroform.  The  CEHDED  bleach  sequence  results  in  releases  of  chloroform  of 
240  to  300  g/ADt.  In  fact,  levels  exceeding  1,200  g/ADt  have  been  reported  by  NCASI  (Dallons 
1990).  In  the  case  of  MonsterSs.  only  7  g/ADt  of  chloroform  was  reported  in  the  untreated  effluent, 
and  this  was  eliminated  during  ASB  treatment  {<0.1  mg/ADt).  A  typical  C^j  E  D  E  D  bleach  line  has 
been  reported  to  discharge  10  g/ADt  of  chloroform  from  the  Cj  stage,  and  30  g/ADt  from  the 
El-stage  (IPK  1982).  This  indicates  the  extent  of  the  reduction  in  chloroform  discharges  when 
hypochlorite  bleaching  is  eliminated. 
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Formation  of  chloromethanss,  chloroacetic  acids  and  chloroacetones  in  chlorine  bleach  plants  with  or  without  H-stages 

Figure  28  Mechanism  of  lormation  of  chloro-organics 

The  untreated  effluent  from  MonsterSs  contained  around  9.5  g/ADt  of  1,1-dichlorodimethylsulfone 
(CHCIjSOjCHj),  and  this  compound  was  only  reduced  to  6.5  g/ADt  during  treatment 
(30%  reduction).  Only  very  low  levels  of  chloroacetones  were  found  in  the  influent,  and  none  In  the 
effluent.  Dl-  and  tetrachlorlnaled  acetic  acids  (-64  g/ADt)  are  virtually  eliminated  during 
biological  treatment,  but  these  levels  are  even  significantly  lower  than  previously  reported  values 
(300  to  1200  g/ADt)  (iPK  1982)  even  before  biological  treatment.  Chlorinated  verathroles  were  not 
fourxi  In  the  effluent  as  could  be  suspected  from  the  worl<  of  NIelson  (Foike  1991). 


4.7  Polychlorinated  Dioxins  and  Furans  (PCdd/pcdf) 


SUMMARY  The  PCDD/PCDF  compounds  have  been  identified  as  a  group  of  compounds  with 
varying  degrees  of  toxicity.  2,3,7,8-TCDD  has  been  identified  as  the  most  toxic  of  this  group  and 
the  toxicity  of  the  others  are  related  to  TCDD  in  setting  toxicity  equivalent  factors.  The  most 
important  factors  in  minimizing  the  content  appear  to  be  low  Kappa  number  prior  to  bleaching, 
low  chlorine  multiple,  and  high  chlorine  substitution.  PCDD/PCDF  are  removed  to  some  extent  in 
biological  treatment  through  adsorption  in  the  sludge.  Dechlorination  takes  place  more  readily 
under  anaerobic  conditions,  i.e.  in  the  sludge.  The  detection  limit  for  TCDD/TCDF  is  reported  to 
be  10  pg/L  t>ased  on  high  resolution  analysis.  


The  NCASI  23  mill  study  (Dallons  1990)  states  a  detection  limit  for  TCDD/TCDF  of  10  pg/L  based 
on  their  high  resolution  GC/MS  procedure.  This  is  a  statistically  based  limit  where  data  will  still  be 
normally  distributed.  It  is  possible  to  actually  recognize  TCDD/TCDFs  at  levels  as  low  as  a  few 
pg/L,  but  it  will  be  impossible  to  apply  normal  distribution  statistics  to  the  results,  so  for  all 
practical  purposes  of  this  report,  10  pg/L  is  a  usable  limit  of  detection. 

Various  systems  have  been  used  to  convert  a  multitude  of  PCDD/PCDF  levels  into  a  simpler 
expression,  e.g.  by  the  use  of  toxic  equivalent  factors.  In  the  USA  and  Canada,  the  NATO-units 
system  is  used  (refer  to  Table  1 7). 
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Table  17  Toxic  equivalency  factors  for  PCDD/PCDF 


Homologue 


NATO      Eadon      Nordic  1987     USEPA(1987) 


Dloxlnt 

2,3,7.8-TCDD 

1 

1 

1 

1 

All  other  TCDOs 

0 

0 

0 

0^01 

1,2.3,7,8-PCDD 

1 

0.5 

2,3.7,8-substituted  PCDDs 

0.5 

0.5 

All  other  PCDDs 

0 

0 

0 

0.005 

2.3,7,8-substltuted  HxCDDs 

0.1 

0.03 

0.1 

0.04 

All  other  HxCDDs 

0 

0 

0 

0.0004 

1.2.3,6.7,8-HpCDD 

0 

0.01 

2,3,7,8-substituted  HpCDDs 

0.01 

0.001 

All  other  HpCDDs 

0 

0 

0 

0.00001 

OCDD 

0.001 

0 

0.001 

0 

Furans 

2,3,7.8-TCDF 

0.1 

0.33 

0.1 

0.1 

All  other  TCDFs 

0 

0 

0 

0.001 

1,2,3,7.8-PCDF 

0.05 

0.33 

0.01 

0.1 

2,3.4.7,8-PCDF 

0.5 

0.33 

0.5 

0.1 

All  other  PCDFs 

0 

0 

0 

0.001 

2,3,7,8-substituted  HxCDFs 

0.1 

0.01 

0.1 

0.01 

All  other  HxCDFs 

0 

0 

0 

0.0001 

2,3,7,8-substituted  HpCDFs 

0.01 

0 

0.01 

0.01 

All  other  HpCDFs 

0 

0 

0 

0.00001 

OCDF 

0.001 

0 

0.001 

0 

Ontario  is  presently  using  the  NATO  toxicity  equivalents 


The  rationale  behind  these  systems  is  that  2,3.7,8-TCDD  Is  the  most  toxic  of  all  the  Isomers,  and 
that  isomers  with  more  chlorine  atoms  that  have  the  2,3,7,B-substitution  pattern  potentially  degrade 
to  2,3,7,8-TCDD  and  are  often  more  toxic  than  other  isomers.  The  original  Eadon  and  NATO 
toxicity  emission  equivalents  have  since  been  supplemented  as  new  knowledge  has  emerged. 
Therefore,  either  the  USEPA  or  the  Nordic  model  will  probably  be  used  more  by  regulatory 
authorities  In  the  future. 

There  is  a  critical  difference  between  the  Eadon  arxJ  USEPA  equivalency  factors  on  the  one  hand, 
and  the  NATO  and  Nordic  on  the  other.  The  Octa-chlorlnated  dioxins  and  furans  are 
considered  to  have  zero  toxic  equivalents  in  fornter  scales,  but  to  be  equivalent  to  1/1000th 
of  TCDD  In  the  latter.  The  Octa  homologues  were  the  principal  dioxins/furans  found  in  the 
non-kraft  mills  in  the  1990  MISA  monitoring  program. 
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PCDD/PCDF  appears  to  be  formed  entirely  at  the  first  C/D-stage  (Dallons  1990).  The  actual 
amounts  of  PCDD/PCDF  formed  depend  on  the  concentration  of  molecular  chlorine  in  this  stage 
and  the  concentration  of  DBD  and  DBF  precursors  in  the  brown  stock.  The  chlorination  factor 
appears  to  be  the  most  important  of  the  two.  Hrutflord  and  Negri  (1990)  fourKl  that  compression 
wood  was  a  likely  source  of  unchlorinated  DBD  and  DBF  built  into  the  lignln  structure  arvd  chlorine 
side-ctrain  displacement  releases  the  PCDD/PCDFs. 

Quantities  discharged 

US  pulp  mill  effluents  show  contents  of  2,3,7,8-TCDD  ranging  from  the  detection  level  around 
1  to  500  fig/ADt.  The  most  important  factors  in  minimizing  the  content  appear  to  be  (1)  low  Kappa 
number  prior  to  bleaching,  (2)  low  chlorine  multiple  and  (3)  high  chlorine  dioxide  substitution 
(Dallons  1990).  While  cautioning  readers  that  the  effects  of  any  one  process  technology  were  not 
necessarily  transportable  to  other  mills,  Dallons  noted  that  the  two  mills  which  used  oxygen 
delignlfication  out  of  the  23  examined  had  the  lowest  emissions  of  TCDD. 

Generally  PCDD/PCDFs  are  reduced  in  biological  treatment  through  adsorption  to  the  sludge 
phase  (Gillespie  1990).  This  is  one  reason  why  TSS  control  may  be  important.  Furthermore, 
dechlorination  of  highly  chlorinated  organics  takes  place  more  easily  under  anaerobic  conditions, 
i.e.  in  the  sludge. 

At  the  MonsterSs  mill  the  levels  of  PCDD/PCDF  were  0.41  |tg/ADt  (based  on  the  EPA  1987  TEQs) 
or  1.3  /xg/ADt  (tiased  on  Nordic  TEQ)  equivalents  in  the  untreated  effluent.  Refer  to  Table  17  on 
page  134  which  presents  various  TEQ  data.  The  effects  of  biological  treatment  are  uncertain.  In 
the  first  sampling  significantly  higher  levels  were  found  in  the  treated  effluent,  but  this  was  not  the 
case  after  a  repeated  sampling.  Normally  PCDD/PCDFs  are  associated  with  sludge,  and  poor  TSS 
control  may  lead  to  unexpected  high  levels  in  the  effluent.  Whether  or  not  this  occurred  has  not 
been  established. 

2.3,7,8  TCDD  was  found  In  two  Ontario  mills  in  the  first  six  months  of  MISA  monitoring.  James 
River,  Marathon,  had  9  and  13Mg/tonne  in  two  samples,  non-detect  in  the  other  four  samples. 
Kimberly-Clark  at  Terrace  Bay  had  1.8  and  2.5  /xg/tonne,  with  no  detectable  2,3,7,8  TCDD  in  the 
four  other  tests  in  the  period.  This  indicates  that  the  nine  mills  in  the  Province  discharge 
substantially  less  TCDD  than  the  US  mills.  These  relatively  low  discharges  probably  reflect  the 
extensive  efforts  made  by  all  mills  since  1988  to  reduce  the  formation  of  dioxin,  rather  than  any 
geographical  difference.  The  US  data  were  based  primarily  on  samples  collected  during  1988.  It  is 
well  known  that  the  dioxin  control  measures  were  mostly  being  initiated  during  that  period  across 
North  America  and  Scandinavia,  whereas  all  the  "simple"  measures  were  in  place  by  early  1990, 
when  the  MISA  monitoring  commenced.  Some  additional  dioxin  control  measures  which 
necessitated  significant  capital  investment,  technical  development  or  other  actions  requiring 
significant  lead  time  were  also  operational  by  1990. 

In  the  USA  a  number  of  mill  studies  have  been  conducted.  In  1986  the  USEPA  and  the  industry 
performed  a  cooperative  5  mill  screening  study  (NCASI  1988b).  2,3,7,8-TCDD  was  found  in  seven 
of  nine  bleached  pulps  collected  at  those  five  mills  ranging  from  3  to  51  ppt,  and  2,3,7,8-TCDF  was 
found  in  eight  of  the  nine  bleached  pulps  at  levels  ranging  from  8  to  330  ppt.  Wastewater 
concentrations  of  2,3,7,8-TCDD  ranged  in  three  of  the  five  mills  from  0.015  to  0.12  ppt,  and 
2,3,7,8-TCDF  was  found   in  four  of  the  five   mill   effluents   at   levels   from  0.01 1    to  2.2  ppt. 
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PCDD/PCDF  was  found  to  be  more  than  90%  transferred  to  the  sludge  and  suspended  solids 
during  wastewater  treatment. 

This  study  Initiated  another  cooperate  screening  study  to  Include  all  104  bleach  plants  in  the  USA 
in  1988  (USEPA  1990).  Results  Indicate  that  TCDD/TCDF  concentrations  in  sludge  and  final  pulp 
are  more  than  1000  times  greater  than  treated  effluent  concentrations,  and  that  there  Is  a  great 
variation  in  concentration  ttetween  different  mills.  Also  TCDF  tends  to  be  50  to  100  times  higher  In 
concentration  than  TCDD.  Extremes  in  sludge  concentrations  are  1,400  ppt  (TCDD)  and 
17,000  (TCDF)  down  to  3  ppt  (TCDD)  and  50  (TCDF).  Effluent  concentrations  range  from  320  ppq 
(TCDD)  and  4.000  (TCDF)  to  below  detection  limits  (<  10  ppq). 

2,3.7,8-TCDD,  and  PCDD/PCDF  in  general,  leave  the  process  by  three  paths,  with  pulp,  with 
effluent  to  the  receiving  waters,  and  in  effluent  treatment  plant  sludges.  The  above  mentioned  104 
mill  study  demonstrated  that  partitioning  is  very  roughly  one-third  via  each  path,  but  wide  and 
unexplained  variations  were  found. 

Monitoring  PCDD/PCDF 

Monitoring  PCDD/PCDFs  in  pulp  mill  effluents  on  a  regular  basis  constitutes  a  challenge  for  the 
environmental  regulators  as  well  as  mill  operators.  The  chemical  analysis  by  high  resolution 
GC/MS  of  PCDD/PCDF  is  expensive  and  inaccurate  for  control  purposes.  The  mechanisms  of 
their  formation  from  unchlorlnated  precursors  is  the  same  as  the  mechanism  of  formation  of 
polychlorinated  phenols  (PoCPs),  One  possibility  would  therefore  be  to  use  the  contents  in  an 
effluent  of  polychlorinated  phenolics  to  indirectly  measure  the  amounts  of  PCDD/PCDF.  i.e  use  the 
sum  of  concentrations  of  tri-  and/or  tetrachlorophendic  compounds,  such  as  phenols,  guaiacds, 
catechols  and  trichlorinated  syringols.  The  bleaching  conditions,  under  which  tetrachloroguaiacol 
is  formed  in  the  greatest  amount,  are  similar  to  the  bleaching  corxlitions  under  which  2,3,7,8-TCDD 
is  formed  (Fleming  1990). 

The  rational  basis  for  the  conclusions  regarding  the  chlorination  factor  Is  that  each  unchlorlnated 
precursor  molecule  will  have  to  meet  at  least  four  chlorine  molecules  in  order  to  form  a  hazardous 
PCDD/PCDF  molecule.  If  the  chlorination  factor  is  lowered  then  this  event  becomes  rare.  The 
same  rationale  may  be  used  regarding  the  formation  of  tetrachloroguaiacol  or  tetrad orocatechol. 
Therefore,  the  PCDD/PCDF  contents  of  wastewater  have  to  be  correlated  to  the  content  of  tri- 
and/or  tetrachlorophendic  compounds,  such  as  guaiacds,  catechols  and  trichlorinated  syringds, 
although  the  exact  correlations  have  to  be  studied  further  (Fdke  1991). 

Concentrations  of  PoCPs  may  well  prove  to  correlate  well  with  the  highly-chlorinated  proportion  of 
AOX,  and  it  could  turn  out  to  be  the  only  parameter  needed  to  contrd  the  discharge  of 
environmentally  significant;  chlorinated  organic  matter  from  bleach  pulp  mills.  Fast  and  reliable 
methods  that  may  be  standardized  for  their  analysis  using  GC/ECD  are  within  reach  (Guerra  1988. 
NCASI  1988a). 
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4.8  Chlorinated  Lipophilics 

Chlorobenzenes  are  mainly  used  as  dye  carriers  in  the  textile  industry.  Other  uses  include  as  an 
intermediate  in  herbicide  manufacturing,  dielectric  fluid,  heat  transfer  medium,  degreasing  agents, 
septic  tanks,  wood  preservatives  and  abrasive  formulations  (hydraulic  oil).  Chlorobenzenes  resist 
biological  treatment  unless  especially  adapted  activated  sludge  is  used,  and  they  tend  to 
accumulate  in  aquatic  biota.  In  the  atmosphere  they  are  photochemical  I  y  dechlorinated  and 
degraded.  Acute  toxicity  is  moderate  (ECjg  for  algae,  and  LC^  for  fish  is  in  the  order  of 
0.5  to  5  mg/L  for  different  species)  (Landner  1989).  Hexachlorobenzene  has  a  number  of  different 
applications  In  organic  synthesis.  It  Is  much  more  persistent  and  toxic  than  the  lower  homologues. 

Except  for  a  possible  minor  use  as  an  abrasive  agent  there  should  be  no  obvious  source  of 
chlorol>enzenes  in  pulp  mill  effluents.  They  are  not  formed  by  chlorination  in  the  bleach  plant. 
Therefore,  chlorobenzenes  are  most  effectively  controlled  at  their  source,  i.e.  the  chemical 
IrxJustry. 

Hexachtorobutadiene  is,  for  instance,  used  as  a  solvent  for  rubber,  in  transformers,  in  hydraulic  oil, 
and  as  a  degreasing  agent.  It  is  widely  distributed  in  the  environment,  it  bioaccumulates  and  is 
quite  toxic  to  aquatic  life.  However,  biological  treatment  plants  are  normally  able  to  degrade 
hexachlorobutadiene  (Landner  1989). 

Hexachlorocyclopentadiene  is  mainly  used  as  a  flame  protection  agent,  but  has  other  uses  such  as 
in  the  manufacturing  of  resins.  It  is  potentially  bioaccumulative  and  has  a  high  acute  toxicity 
towards  fish,  especially  larvae.  Its  pathway  to  environmental  degradation  is  abiotic  photolysis 
rather  than  biological  degradation.  If  subjected  to  biological  treatment  it  will  prot>abty  be 
associated  with  the  sludge  phase. 

Minor  amounts  of  chlorinated  aromatics  in  pulp  mill  effluents  are  not  from  pulp  bleaching,  because 
it  takes  a  very  high  chlorine  pressure  to  chlorinate  non-activated  benzene  rings^.  Bleach  plants 
operate  at  atmospheric  pressure  and  are  not  capable  of  chlorinating  aromatic  benzene  rings. 
However,  chlorinated  benzenes  with  one  to  six  chlorines  have  been  reported  at  levels  of 
10  to  100  mg/ADt  (IPK  1982). 


4.9  Metals 

The  data  collected  on  metals  concentrations  in  the  mill  effluents  during  the  first  six  months  of  the 
1990  effluent  monitoring  program  are  presented  in  the  MOB  report  (MISA  1991).  The  maxima  and 
averages  for  each  sub-sector  are  presented  in  Table  18.  Surprisingly  high  concentrations  of  zinc 
were  reported  for  one  mill,  up  to  9.3  mg/L.  The  company  staff  were  unable  to  offer  any 
explanation  for  this,  but  the  authors  are  forced  to  question  the  validity  of  these  data  simply 


"  Tho  OH  group  of  phenolics  incmasBS  the  electron  density  of  the  aromatic  ring  making  substitution  with  chlorine 
possible  at  atmospheric  pressure.  A  chlorine  substituent  decreases  tfw  electron  density  slightly  making  H  increasingly 
more  difficult  to  add  yet  another  chlorine  substituent  Tetrachloroguaiacol  can  only  be  mads  in  a  bleach  plant  because 
there  are  two  oxygen  bound  to  the  ring  (and  so  has  DBD  precursors).  Thus  tetrachlorophenol  in  a  pulp  mill  effluent 
originates  with  the  use  of  raw  materials  contaminated  with  pentachlorophenol  or  some  other  source. 
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because  tt  is  unusual.   However,  there  is  no  known  reason  to  question  the  sampling  or  analyticai 
procedure,  so  this  remains  a  question  to  be  investigated. 


Table  18  Metals  concentrations  in  effluents 


Kraft 

Sulphrte/Mech 

Corrugating 

Fine  Paper 

Overall  Industry 

Metal 

Max 

Avg 

Max 

Avg 

Max 

Avg 

Max 

Avg 

Max 

Avg 

Aluminum 

6,840 

1,834 

6,900 

1,312 

5,340 

1,899 

18.300 

2,153 

18,300 

1.799 

Cadmium 

8 

0.46 

140 

28 

3 

0.56 

140 

10 

Chromium 

300 

40.6 

84 

7.2 

68 

23 

182 

12.0 

300 

21 

Cobalt 

70 

19 

70 

19 

Copper 

290 

18.8 

290 

31.5 

140 

44 

35 

9.9 

290 

26 

Molybdenum 

60 

7.9 

60 

8 

Nlci<el 

160 

11.1 

100 

31 

25 

4.9 

160 

16 

Thallium 

40 

9.1 

40 

9.1 

Vanadium 

70 

8.4 

170 

10.3 

180 

44 

55 

7.9 

180 

18 

Mercury 

3 

0.1 

3 

0.1 

Zinc 

490 

99 

430 

95 

1631 

462 

9,290 

49 

9,290 

176 

All  concentrations  are  expressed  in  ^/L 
weighted  by  mill  or  production. 


Overall  average  is  simple  arithmetic  mean  ot  data  shown,  and  is  NOT 


The  maximum  concentrations  of  each  metal  found  in  each  sub-sector  are  shown  in  Figure  30  and 
the  average  values  reported  in  by  MiSA  (1991)  in  Figure  29. 
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Figure  29  Metals  concentrations  in  effluents  (averages) 

Copper,  zinc,  mercury  and  cadmium  are  i<nown  constituents  of  wood,  because  growing  trees 
accumulate  these  metals  when  exposed  to  them.    Cadmium  and  mercury  are  by  far  the  most 
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significant  priority  pollutants.  No  analytical  results  on  the  Influent  to  the  mills  were  Included  with 
the  MISA  data.  It  Is  possible  that  some  of  these  metals  were  present  In  the  raw  water. 

Aluminium  is  used  worldwide  to  reduce  COD,  AOX  and  toxicity  of  effluents  (Foike  1991).  When 
used,  proper  clarifier  operation  Is  Important  to  minimize  discharges,  but  aluminium  Is  hardly  a 
priority  problem  except  In  particularly  vulnerable  receiving  waters.  Aluminium  becomes  very  toxic 
to  aquatic  life  at  low  pH  values,  i.e.  an  effect  of  acid  rain.  Ferric  chloride  or  polyelectrolytes  could 
be  alternative  agents  for  chemical  coagulation  in  some  cases. 


Zinc  peaks  at  1631 
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Several  data  in  the  range  6000  to  9290  ^/L  for  zinc  were  reported  to  the  Kimberly-Clark  mill  at  St  Catharines,  and  have 
been  omitted  from  the  graph,  since  subsequent  testing  showred  concentrations  consistently  lower  than  120  ^g/i- 

Figure  30  Metals  concentrations  in  effluents  (maxima) 

Copper  salts  are  generally  used  in  wood  protection,  fungicides  and  toxic  pigments  in  antifouling 
agents.  Trace  amounts  of  copper  for  use  in  co-enzymes  are  essential  to  all  life,  but  in  slightly 
higher  amounts  copper  can  be  very  toxic  to  fish  and  algae  (Landner  1989).  Copper  tends  to 
accumulate  in  phytoplani<ton,  but  to  a  smaller  degree  in  higher  organisms.  In  fish  copper  Is 
accumulated  in  liver,  gills  and  bones.  We  have  not  found  any  specific  results  in  the  removal  of 
copper  during  biological  treatment,  but  from  the  above  result  one  may  speculate  that  copper  is 
concentrated  to  a  certain  extent  In  blosludge. 

Mercury  is  used  In  older  chlor-alkall  plants  and  may  be  carried  to  the  bleach  plants  by  chlorine 
gas.  Previously  phenyl-mercury  acetate  was  used  for  control  of  fungi  In  the  pulp  and  paper 
Industry.  Today  its  main  use  is  In  batteries,  electronic  instruments  and  for  dental  purposes. 
Mercury  is  very  bioaccumulating  in  its  alkyl-mercury  form  (BCF  >  100.000)  and  is  very  toxic  to 
aquatic  species,  so  exposure  should  be  avoided.    Although  mercury  can  be  concentrated  in 
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biosludge,  It  Is  most  effectively  controlled  at  the  source,  i.e.  by  closing  chlor-alkal)  plants  using 
mercury  cells,  by  avoiding  its  use  for  dental  purposes  etc. 

Zinc  is  the  most  widespread  heavy  metal  in  nature.  High  concentrations  can  t>e  toxic,  but  low 
concentrations  are  essential  to  make  proteins  function.  Its  concentration  in  lakes  depends  on  the 
acidity  of  the  lake,  and  is  thus  connected  to  ackj  rain.  The  main  source  of  zinc  In  pulp  mill  effluents 
Is  the  wood.  Zinc  has  a  high  acute  toxicity  to  many  species  in  latx)ratory  testing.  In  nature  this  is 
seldom  the  case,  because  zinc  is  associated  with  humic  materials  and  other  organic  matter  and  Is 
hence  non-bloavailable  (SNV  1988).  Furthermore,  zinc  Is  known  to  have  an  antagonistic  effect  on 
mercury  and  cadmium  In  fresh  water  lakes  (Lirxlestrom  1982).  This  means  that  the  presence  of 
zinc  in  the  water  body  suppresses  the  accumulation  and  effects  of  mercury  and  cadmium. 
Therefore,  one  should  be  reluctant  to  reduce  the  discharge  of  zinc  into  water  bodies  that  are 
contaminated  with  mercury  arxl  cadmium. 


4.10  Data  from  the  First  6  Months  MISA  Program 

The  conclusions  in  this  report  are,  as  much  as  possible,  based  on  the  characteristics  of  the  Ontario 
mill  effluents  determined  during  the  MISA  monitoring  program  in  1990.  The  principal  exceptions 
are  as  follows: 

Only  data  collected  during  the  January  to  June  1 990  period  were  analysed,  because  of  the  need  to 
comply  with  the  MISA  schedule  requiring  a  draft  of  this  report  by  May  31,  1991.  The  MISA 
monitoring  program  data  had  to  be  summarized  and  reviewed,  arxl  quality  control  procedures  had 
to  be  implemented  before  the  data  became  useful.  The  results  of  the  first  six  months  flow 
measurement,  sampling  and  chemical  analysis  were  not  published  until  February  1991 .  The  results 
of  the  first  six  months  toxicity  testing  on  trout  and  Daphnia  magna  were  not  available  until  the  18th 
of  March  1991  (some  preliminary  data  were  made  available  by  early  March  1991). 

The  MISA  first  six  month's  of  data  were  provkJed  to  the  authors  in  raw  electronic  form,  before 
summaries  had  Iseen  prepared,  and  without  daily  mill  production  data.  Data  on  daily  miii 
production  were  provided  by  MOE  Thunder  Bay  office  (for  the  NW  region),  OFIA  for  many  mills, 
and  by  some  mills  directly.  The  authors  processed  the  data  to  generate  the  summaries  and 
discharge  rates  per  tonne  of  product  required  for  analysis  of  the  best  available  technology  options. 
Summary  data  are  used  in  many  ways  in  the  report,  and  a  comprehensive  summary  is  presented  in 
Appendix  B. 

Although  it  would  have  been  desirable  to  have  a  full  year  of  monitoring  data  for  this  report,  time 
constraints  made  this  impossible.  The  MISA  data  were  of  utmost  importance  to  this  project,  and 
the  authors  found  it  necessary  to  undertake  the  processing  of  these  data  and  to  limit  the  analysis 
to  the  first  six  months  of  1990  to  be  able  to  comply  with  the  Ministry's  schedule  for  completion  of 
this  report. 

Where  mills  considered  that  data  collected  during  the  latter  half  of  1990  would  differ  from  the 
earlier  data,  comments  on  the  new  data  were  considered.  MOE  scanned  the  data  and  provkJed  a 
summary  of  the  major  differences,  which  were  also  considered  by  the  authors. 
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Mill  prcxJuctlon  data  collected  during  the  MISA  program  were  limited  to  monthly  averages,  but 
since  dally  data,  corresponding  to  the  daily  sampling,  were  necessary,  they  were  collected  by  the 
authors  from  OFIA,  from  mill  visits  and  from  MOE  files.  Many  minor  inconsistencies  In  the 
production  data  from  different  sources,  generally  under  3%,  were  found  and  ignored,  since  the 
errors  inherent  in  determining  effluent  characteristics  are  normally  greater  than  this  level.  The 
production  data  were  accepted  as  reported,  without  attempting  to  convert  to  a  common  moisture 
content,  inclusion/exclusion  of  wrappers  etc,  since  such  factors  will  not  cause  errors  above 
about  3%,  which  is  insignificant  relative  to  the  normal  effluent  measurement  errors. 

Some  parts  of  this  report  are  based  on  production  data  from  different,  and  Inconsistent  sources. 
The  authors  consider  that  the  time  required  to  resolve  these  inconsistencies  to  be  unjustifiable,  and 
have  therefore  used  the  data  as  received,  except  for  elimination  of  obvious  errors.  There  are 
significant  inconsistencies  in  the  production  reported  to  the  MISA  database  with  respect  to  "market 
pulp"  vs  "bleached  pulp  produced",  which  the  authors  resolved  to  the  extent  possible.  Some  mills, 
such  as  Dryden,  produce  pulp  for  use  on-site  as  well  as  for  market,  and  also  purchase  kraft  pulp 
from  sister  mills  and  on  the  open  market.  For  engineering  effluent  discharge  control  systems,  the 
kraft  production  rate  in  the  mill  is  the  most  important,  while  regulators  may  be  interested  in  other 
data. 

4.10.1  Background 

The  municipal  industrial  strategy  for  abatement  (MISA)  program  was  initiated  after  the  "St.  Clair 
River  Blob"  in  1985  when  heavier-than -water  chemicals  were  found  at  the  bottom  of  the  river  (MISA 
1989,  Turner  1989).  This  started  the  province-wide  program  of  effluent  limits  which  would  apply  to 
the  major  industrial  dischargers  and  also  to  municipal  sewage  treatment  plants.  The  goal  of  the 
MISA  program  is  the  "virtual  elimination  of  persistent,  toxic  compounds  from  the  waters  of  Ontario" 
and  it  covers  nine  industrial  sectors  Including  the  pulp  and  paper  industry. 

The  Ministry  developed  a  list  of  chemicals  known  as  the  "Effluent  Monitoring  Priority  Pollutant  List" 
(EMPPL)  from  a  screening  list  of  5000  chemicals  associated  with  industrial  operations.  The  list 
now  contains  200  compounds,  but  as  analytical  protocols  were  developed  for  only  about  135  of 
these  compounds,  those  are  the  ones  that  industry  was  required  to  monitor  (this  list  omitted 
certain  pulp  mill  specific  compounds  such  as  chioroguaiacols  or  catechols). 

The  MISA  monitoring  program  for  the  pulp  and  paper  sector  is  summarized  in  Table  19.  The 
sampling  program  was  conducted  throughout  1990. 

In  addition  to  the  monitoring  requirements  summarized  In  Table  19,  programs  were  defined  and 
Implemented  for  monitoring  cooling  water,  waste  disposal  site  effluents  and  backwash  effluents. 
(Turner  1989).  These  data  are  not  considered  In  this  report. 

All  mills  were  required  to  monitor  all  process  effluents  and  cooling  waters  for  toxicity  (rainbow  trout 
and  Daphnia  magna)  on  a  monthly  basis.  The  frequency  was  reduced  to  a  quarterly  basis  if  the 
first  three  months  of  testing  indicated  no  acute  toxicity  in  all  test  dilutions. 

Stringent  QA/QC  was  imposed  both  on  the  flow  measurement,  sampling  and  the  analyses,  i.e. 
processing  replicates,  method  blanks,  spiked  method  blanks  and  spiked  samples.  Results  were 
reported  to  the  Ministry  as  hard  copy  as  well  as  on  a  floppy  disk. 
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Table  19  Process  effluent  streams  monitored  In  1990  MISA  program 

Variable 

Reporting  frequency 

Variable                                Reporting 

frequency 

All  Mills: 

Kraft  pulp,  additionally: 

COD 

Dally 

Dehydroabietic  Acid                Thrice  weekly 

BOD 

Thrice  weekly 

AOX                                        Thrice  weekly 

pH 

Daily 

DicNorodehydroabletic  Acid  Thrice  weekly 

NH3-N 

Monthly 

SulphkJe  PCDD/PCDF 

TotN 

Monthly 

Bleached  pulp  mills,  additionally: 

UOi  +  UOi 

Monthly 

PCDD/PCDF                          Bi-monthly 

DOC 

Daily 

Tot-P 

Monthly 

Sulphite-mechanical  and 

Spec.  cond. 

Dally 

corrugating  mills,  additionally: 

TSS 

Daily 

Dehydroabietic  Acid                Thrice  weekly 

Aluminium  (A!) 

Weekly 

Zinc  (Zn) 

Weekly 

Delnking,  board,  fine  papers,  tissue 

Other  metal s^ 

Monthly 

tissue,  additionally: 

Halogenated  volatiles^ 

Monthly 

AOX                                        MontNy 

Non-halogenated  volatiles 

*  Monthly 

PCDD/PCDF                          Monthly 

Base-Neutral  Extractat)les 

=*  Monthly 

Acid  extractables^ 

Monthly 

Mills  operating  biological  treatment 

Chlorinated  extractables' 

Monthly 

plants,  process  effluents: 

Fatty  and  resin  Acids° 

Monthly 

NH3-N                                   Weekly 

PCDD/PCDF 

Semi-annual 

Tot-N                                      Weekly 

PCBs 

Semi-annual 

NO/  -t-  NO3-                         Weekly 

Open  characterization^ 

Semi-annual 

Tot-P                                       Weekly 

Source;  Turner  1989 

^  dissolved  organic  carbon 

2  Ag,  Be,  Cd.  Cr,  Co.  Cu,  Hg,  Mo,  Ni,  Pb.  Tl.  V 

^  26  aliphatic  compounds 

*  benzenes,  st^ene,  toluene,  xylenes 

^24  compounds,  mainly  polyaromatic 

^  20  compounds  mainly  (ch(oro)phenols,  hydrocarbons,  cresols,  and  nitrophenols,  but  none  of  the  typical  wood 

phenolics  such  as  guaiacols,  catechols  etc. 

^  12  compounds  mainly  benzene  types 

^abietic,  chlorohydroabietic,  dehydroabietic,  isopimartc,  levopimaric,  neoabietic,  oleic  and  ptmaric  acids 

°  volatile  and  extractable  organic  compounds 
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The  analytical  data  referred  to  in  the  following  discussion  are  taken  from  Appendix  B.  The 
alternative  technology  trains  referred  to  for  reduction  of  pollutants  at  source  are  described  in 
Chapter  7.  


General  comments 

The  COD/BOD  ratio  in  untreated  wastewaters  would  be  around  3  to  4,   The  COD  discharge  of  a 
bleached  kraft  mill  using  conventional  t}ieaching  would  be  about  100  to  150  kg/tonne. 
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2,4-dlchlorophenol  has  been  reported  to  be  substantially  reduced  in  biological  treatment. 
Chiorophenols  would  be  reduced  somewhat  by  train  K2  and  more  so  by  trains  K3,  K4  and  K5. 

4.11.1  Boise  Cascade  Canada  Ltd.,  Fort  Frances  (Mill  06) 

This  mill  produces  680  tonnes  per  day  of  groundwood  specialty  paper  and  575  tonnes  per  day  of 
bleached  market  puip.  Turpentine  and  tall  oil  are  recovered.  Effluent  treatment  consists  of  primary 
clarification  of  wood  room  and  paper  miii  effluent  and  treatment  of  the  total  effluent  in  two  parallel 
settling  ponds  and  5  days  retention  in  an  ASB. 

The  BOD  Is  around  10  i<g/tonne  and  COD/BOD  is  6;  normal  figures  after  a  modest  degree  of 
biological  treatment.  TSS  Is  above  10  kg/tonne  which  is  quite  high  for  a  biologically  treated 
waste^'. 

Trichloromethane  (chloroform)  emissions  are  in  the  order  of  30  to  90  g/tonne;  as  expected  from  a 
bieach  operation  Involving  an  H-stage  (C/D  EqH  D).  The  presence  of  2,4-dichlorophenoi  and 
2,4,6-trichlorophenol  is  expected  from  normal  chlorlnatlon  reactions,  but  2,3,5-trichlorophenoi  and 
the  chlorinated  aromatics  probably  originate  from  non-t>leachlng  sources  such  as  cleaning 
solvents  or  forest  herbicides.  All  the  alternative  technology  trains  for  kraft  mills  would  substantially 
elimir^te  the  chloroform  emissions  and  reduce  TCDF  t>elow  detectable  concentrations. 

The  presence  of  TCDF  and  absence  of  TODD  Is  In  accordance  with  previous  findings. 

Resin  ackls  are  normally  in  the  range  10  to  100  g/tonne  product,  in  one  sample  from  January  the 
figure  for  total  resin  acids  was  reported  as  5,985  g/tonne  which  is  obviously  an  error.  However, 
that  figure  is  associated  with  Increased  levels  of  BOD  and  COD  indicating  possible  spills. 

AOX  figures  around  4  to  5  kg/tonne  of  bleached  pulp  are  typical  for  the  mill  process  configuration. 
These  would  be  lowered  by  various  degrees  by  the  alternative  technology  trains. 

The  relatively  high  conductivity  indicates  that  projects  to  reduce  the  effluent  flow  substantially  may 
encounter  difficulties  with  excessive  inorganic  salt  concentrations. 

4.11.2  Canadian  Paciric  Forest  Products  Ltd.,  Dryden  (Mill  06) 

This  mill  produces  735  ADt  per  day  of  bleached  kraft  pulp;  some  Is  sold  directly  and  the  remainder 
used  on  site  for  fine  paper  production.  Most  of  the  pulp  produced  is  softwood,  and  the  mill  also 
purchases  some  hardwood  kraft  pulp.  The  pulp  is  bleached  according  to  the  sequence 
(C/D  Ep  H  D  E  D).  Effluent  treatment  consists  of  primary  clarification  followed  by  ASB  with  5  days 
retention  time. 

BOD  is  around  3  kg/tonne  and  COD/BOD  is  about  17  indicating  efficient  BOD  removal.  The 
remaining  COD  is  therefore  quite  persistent.  There  is  considerable  variation  in  COD  from  day  to 
day,  which  may  be  due  to  erroneous  production  data,  or  to  erratic  operation.    The  effluent  was 


^^  Mill  staff  have  advised  that  the  TSS  discharge  was  reduced  to  approximately  5  kg/tone  in  lata  1990  by  dredging  the  ASB 
quiescent  zone. 
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consistently  non-lethal  to  Daphnia  magna,  but  marginally  lethal  to  trout  during  the  first  six  months 
of  the  1990  MISA  monrtoring  program.  TSS  control  Is  quite  good  with  figures  around 
5  to  6  kg/tonne. 

The  first  6  months  data  indicate  chloroform,  8  to  23  g/tonne,  which  has  not  been  stripped  in  the 
biological  treatment  system.  These  levels  are  higher  than  normally  found  in  a  biologically  treated 
effluent.  There  appears  to  be  some  seasonal  correlation,  with  lower  chloroform  discharges  in 
summer  than  winter.  Di-  and  trichlorophenols  are  also  found  indicating  a  non-analysed  presence 
of  chlorinated  guaiacols  and  catechols  as  well. 

Minor  amounts  of  chlorinated  aromatics  are  of  unknown  origin,  not  from  pulp  bleaching  per  se.  In 
three  samples  an  average  of  1 1  ^g/tonne  of  total  TCDF  was  found  -  no  TCDD.  Defoaming  agents 
have  been  kientified  as  potential  precursors  for  PCDFs. 

Resin  acid  discharges  are,  20  g/tonne  after  biologioal  treatment  effluent,  in  the  same  order  of 
magnitude  as  for  the  untreated  effluent  from  the  MonsterSs  t)leached  kraft  mill  discussed  in 
Appendix  C  (14  g/ADt).  Technology  trains  K1  and  K2  will  have  little  effect  on  these  discharges 
because  Dryden  already  uses  biological  treatment.  Trains  K3,  4  and  5  can  be  expected  to  reduce 
resin  ackl  discharges  t>elow  1  g/tonne. 

AOX  discharges  are  2  to  4  kg/tonne.  These  remaining  organochlorines  can  be  conskJered  to  be 
quite  persistent,  because  they  have  already  passed  through  a  biological  treatment  plant.  A  water 
use  of  95  m^/tonne  is  a  little  below  average,  as  can  be  seen  from  the  relatively  high  conductivity. 

4.11.3  Canadian  Pacific  Forest  Products  Ltd.,  Thunder  Bay  (Mill  09) 

This  mill  produces  1320  tonnes  per  day  of  semi-bleached  and  fully  tdeached  market  pulp.  In 
addition  to  this,  it  produces  910  tonnes  of  groundwood  and,  while  the  MISA  monitoring  program 
was  in  progress,  about  300  tonnes  of  high-yield  sulphite  pulp  per  day  for  newsprint  production^. 
Softwood  and  hardwood  are  bleached  In  one  of  two  bleach  lines  (C/D)  E  H  D  E  D  or  (C/D) 
Eq  D  E  D).  Groundwood  is  brightened  by  sodium  hydrosulphite.  Effluent  treatment  consists  of 
primary  clarification. 

The  BOD  load  of  around  22  kg/tonne  and  a  COD/BOD  ratio  of  3.5  are  as  would  be  expected  from 

this  type  of  operation.  The  TSS  discharges  are  7  to  9  kg/tonne. 

Considering  that  only  one  of  the  two  kraft  pulp  bleaching  lines  has  an  H-stage,  the  chloroform 
discharge  of  200  to  300  g/bleached  tonne  is  surprising  because  it  is  in  the  high  end  of  the  range 
reported  for  US  mills  (Dallons  1990).  Some  of  this  chloroform  will  be  stripped  from  the  effluent  in 
the  oxygen  activated  sludge  system  currently  under  construction.  Technology  trains  K1  and  K2 
would  reduce  chloroform.  Trains  K3,  K4  and  K5  would  be  more  effective. 


^  The  high  yield  sulphite  mill  was  shut  down  in  early  199 1. 
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Di'  and  trichlorophenols  are  also  found  Indicating  the  probable  presence  of  chlorinated  guiacols 
and  catechols  as  well*^.  2,3,5-trlchlorophenol  is  not  readily  formed  from  direct  chlorlnation  of 
phenol.  Minor  amounts  of  chlorinated  aromatlcs  are  also  found. 

Resin  acids  loads  are  570  g/tonne,  with  peaks  at  1500  g/tonne.  The  relatively  high  values  are 
perhaps  due  to  the  high-yield  sulphite  mill  which  has  since  been  shut  down,  but  are  in  part 
expected  from  a  groundwood  operation.  Probably,  the  presence  of  unchlorinated  phenol  is  from 
the  unbleached  sulphite  operation.  There  is  no  evidence  that  black  liquor  spills  occur  from  the 
kraft  operation,  because  the  peaks  of  resin  acids  may  well  arise  from  spills  of  sulphite  liquor 

AOX  discharges  are  3  to  4  kg/tonne.  About  40%  of  the  material  Is  probably  readily  degraded, 
because  it  has  not  yet  passed  biological  treatment. 

Conductivity  measurements  ir>dicate  that  a  water  savings  program  at  the  mill  could  be  effective, 
even  though  a  water  use  of  80  m^/tonne  is  not  in  the  high  end  of  the  normal  range. 

4.11.4  Domtar  Inc.,  Fine  Papers  Div.,  Cornwall  (Mill  10) 

This  mill  produces  410  tonnes  per  day  of  fully  bleached  hardwood  pulp  and  750  tonnes/day  of  fine 
paper  are  produced.  Kraft  pulp  is  purchased.  Bleaching  of  hardwood  kraft  is  carried  out  in  a 
bleach  line  corresponding  to  (D^gC^J  Eq  D  E  D.  Effluent  treatment  consists  of  primary  clarification. 

The  BOD  is  around  30  kg/tonne  and  COD  is  90  to  100  kg/tonne.  This  is  quite  high  even 
considering  that  no  biological  effluent  treatment  is  applied,  aruJ  it  indicates  a  loss  of  black  liquor  to 
the  sewer.  A  COD/BOD  ratio  of  around  3  is  quite  normal.  TSS  Is  15  kg/tonne  which  is  high 
considering  that  there  is  a  primary  treatment  system.  This  could  be  due  to  poor  fibre  and/or  filler 
loss  control  on  the  paper  machines  or  fibre  loss  on  the  brown  stock  decker. 

Chloroform  is  about  40  g/ADt,  which  is  higher  than  expected  with  this  kind  of  bleach  line.  The 
presence  of  benzene,  alkyl  substituted  benzenes  and  PAH  in  the  effluent  irKlicates  a  possible  leak 
of  gasoline,  light  oil  or  similar  material. 

Di-  and  trichlorophenols  are  not  found.  Because  hardwood  is  used  this  cannot  be  taken  as  an 
indication  of  the  lack  of  chlorinated  phendics  in  the  effluent.  Hardwood  species  tend  to  produce 
lignin  from  more  substituted  precursors,  so  that  chlorinated  syringds  {2,6-dimethoxyphenol)  can 
be  found  In  these  effluents. 

Resin  ackJs  loads  are  high,  130  g/ADt.  This  is  presumaWy  due  to  rosin  size  from  paper  making, 
Unchlorinated  phenolics  are  not  found,  perhaps  because  the  MISA  monitoring  program  did  not 
analyses  for  the  expected  types. 

AOX  is  slightly  over  1  kg/ADt.  Part  of  this  material  will  be  readily  degraded  biologically,  since  it  has 
not  passed  through  biological  treatment. 


"  The  1990  MISA  monitoring  program  did  not  include  guiacols  and  catechols. 
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Conductivity  measurements  are  rather  difficult  to  interpret,  because  tfie  mill  includes  a  fine  paper 
operation.  The  water  consumption  approaching  ISOm^/tonne  is  very  high,  and  water  savings 
should  be  attainable. 

4.11.5  Domtar  Inc.,  Contalnerboard  Division,  Red  Rock  (Mill  11) 

This  mill  produces  approximateiy  760  tonnes  per  day  of  unbleached  kraft  pulp  and  140  tonnes  per 
day  of  groundwood  pulp  to  make  200  tonnes  per  day  of  newsprint  and  700  tonnes  per  day  of 
llnerboard.  Approximateiy  60  tonnes  of  softwood  pulp  is  semi-bleached  using  a  C  E  H  bleaching 
sequence.  Groundwood  is  brightened  by  sodium  hydrosulphite. 

It  is  difficult  to  draw  useful  comparisons  of  this  mill  with  others,  because  It  is  unique  in  Ontario,  and 
perhaps  In  North  America.  Only  a  small  proportion  of  the  kraft  pulp  is  bleached.  Technically,  It  is  a 
bleached  kraft  mill,  but  the  effluent  characteristics  are  liable  to  be  dominated  by  the  unbleached 
kraft  fraction.  The  reiativeiy  small  groundwood  mill  also  complicates  analysis  of  the  effluent  data. 
As  indicated  in  Chapters  7  and  8,  the  technologies  consklered  as  BAT  for  the  kraft  sector  cannot  all 
be  applied  to  this  mill,  and  where  they  can,  the  costs  are  relatively  high  for  the  reduction  of  AOX, 
since  this  is  a  bleach  plant  related  contaminant. 

Effluent  treatment  consists  of  prin^ry  clarification. 

ConsWering  the  lack  of  a  biological  treatment  plant  the  BOD  figure  of  less  than  20  kg/ADt  Is  low, 
ifKllcating  good  control  of  black  liquor  losses.  The  COD/BOD  ratio  of  less  than  three  indicates  that 
the  COD  (arourxl  50  kg/tonne)  is  partly  degradabie.  TSS  is  approximately  8  kg/tonne. 

The  H-stage  gives  rise  to  chloroform,  10  to  25  g/ADt  of  pulp. 

Octachlorodibenzo-p-dioxin  was  found,  but  the  origin  Is  unknown. 

The  fact  that  dichlorodehydroabietic  acid  Is  present  in  the  effluent,  but  not 
monochiorodehydroabietic  acid  would  normally  indicate  a  high  chlorination  ratio  at  the  C-stage. 
However  mill  data  indicates  that  the  Kappa  factor  was  under  0.16,  which  is  relatively  low,  and  is 
below  the  level  at  which  2,3,7,8  TCDD  would  normally  be  found.  The  absence  of  TCDD  and  TCDF 
in  the  reported  data  (MISA  1991)  confirms  a  low  chlorination  ratio. 

Levels  of  resin  acids  are  generally  higher  than  for  kraft  operations  due  to  the  groundwood 
production,  and  some  of  the  maximum  values  are  unexpectedly  high  (<  1100  g/tonne). 

4.11.6  E.B.  Eddy  Forest  Products  Ltd.,  Espanola  (Mill  14) 

This  mill  produces  940  tonnes  per  day  of  t)leached  kraft  market  pulp  of  which  about  160  tonnes  per 
day  is  for  integrated  paper  production.  Turpentine  and  tail  oil  are  sold  as  by-products.  The  mill 
has  two  distinct  bleach  lines,  one  for  softwood  with  continuous  digestion  followed  by  O  C^/Dj^ 
Eq  H  D  and  one  for  hardwood  with  batch  cooking  followed  by  0  C^g/D^^  E  H  D.  Effluent  treatment 
consists  of  primary  sedimentation  and  an  aerated  stabilization  basin  with  22  aerators. 
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The  BOD  is  less  than  2  kg/tonne  and  DOC  is  about  1 1  l<g/tonne  with  a  couple  of  peaks  when 
production  is  down,  perhaps  due  to  the  time  iag  between  production  and  effluent  discharge  due  to 
several  days  retention  in  the  treatment  system.  TSS  is«around  2  to  3  kg/tonne. 

The  existence  of  the  H-stage  In  the  bleach  plant  hardly  shows  up  in  the  low  levels  of  dl-  and 
trichloromethanes  (2to4g/ADt  of  chloroform).  These  levels  are  almost  the  same  as  could  be 
expected  for  a  normal  chlorination  stage.  The  AOX  figure  around  1  kg/ADt  must  be  made  of  falrty 
persistent  compounds,  because  the  BOD  Is  so  low  and  the  DOC/AOX  ratio  is  around  15. 
Trichlorophenol  was  found  in  minor  amounts,  again  implying  a  presence  of  non-analysed.  Ilgnin 
related  chlorophenols. 

Resin  acids  are  low  indicating  good  spill  control. 

4.11.7  James  River-Marathon  Ltd.  (Mill  16) 

433  tonnes  per  day  of  fully  bleached  market  pulp  (92%  softwood)  are  produced  at  this  mill  using 
batch  cooking  and  the  bleach  sequence:  C/D  Eq  H  E  D.  (This  was  modified  to  cD  Eq  D  E  D  from 
May  1991,  and  is  normally  operated  without  any  chlorine  in  the  first  bleaching  stage).  Effluent 
treatment  consists  of  primary  clarification. 

COD  values  exceed  100  kg/ADt  and  the  BOD  measurements  of  approximately  30  kg/ADt  give  a 
COD/BOD  ratio  of  3.8  which  is  as  expected  when  no  biological  treatment  has  been  applied.  TSS 
is  around  6  kg/tonne . 

The  normal  AOX  is  around  5  to  6  kg/ADt  for  this  mill.  The  monthly  average  in  May  of  3.2  kg/Adt  is 
unusually  low  and  due  to  anomalies  in  the  bleached  production,  and  thus,  not  typical  for  the  mill. 
Extremely  high  levels  of  AOX  were  reported  for  several  days  in  June  1990.  An  explanation  has 
been  offered  that  this  was  pertiaps  due  to  a  problem  with  a  new  chlorine  dioxide  generator  causing 
a  discharge  of  chlorine  dioxide  to  the  sewer.  However  a  simple  mass  balance  shows  that  such 
high  AOX  discharges  are  impossible  from  any  mill.  To  generate  the  55  to  62  kg/tonne  of  AOX  as 
reported  would  have  required  that  over  50  tonnes/day  of  chlorine  dioxkle  be  discharged  to  sewer 
for  several  days,  and  that  it  would  all  react  with  organic  matter  to  form  organochlorines.  The 
Marathon^  mill  would  not  be  capable  of  generating  such  an  amount.  If  It  had  discharged  sufficient 
chlorine  to  the  sewers,  to  generate  over  2,500  kg  AOX/day,  there  would  have  been  a  spectacular 
gas  emission  emergency.  The  authors  are  advised  that  the  laboratory  testing  the  samples  had  to 
dilute  them  considerably,  suggesting  that  the  reason  for  the  bizarre  data  lies  in  sampling/analysis. 

These  aberrant  values  skew  the  average  reported  AOX  discharge  reported  for  this  mill,  if  they  are 
rejected,  then  the  average  discharge  for  the  first  six  months  of  1990  would  be  approximately  half 
that  reported  by  MISA  (1991).  The  authors  used  7.2  kg/tonne  bleached  pulp  as  the  best  available 
estimate  of  the  AOX  discharges  from  this  mill  wherever  calculations  were  required  for  this  report 
(Information  received  subsequently  indicates  that  actual  values  in  1990  were  somewhat  lower). 


**    The  authors  are  not  avfare  of  any  North  American  mlH  that  carries  sufficient  inventory  of  chlorine  and  chlorine 
compounds  to  be  able  to  dischatye  the  quanUties  of  AOX  reported  for  Marathon. 
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While  the  MISA  monitoring  program  was  being  conducted,  the  mlii  used  a  rather  obsolete 
bleaching  sequence,  and  the  bleach  plant  equipment  was  In  less  than  Ideal  corKiltion.  Since  early 
1991,  the  bleaching  operation  uses  the  above  mentioned  sequence,  with  high  or  100%  substitution 
In  the  C(j-stage,  generally  as  defined  in  alternative  technology  trains  K1  and  K2  on  page  241 .  This 
will  reduce  AOX  discharges  substantially.  (May  and  June  1991  data  received  from  the  mill  staff 
indicate  approximately  2  kg/tonne). 

Surprisingly,  no  llgnln  related  chlorophends  were  reported  (di-  ar>d  tri-chlorophends)  as  could  be 
expected  from  the  presence  of  TCDD/TCDF's.  Total  TCDD  discharges  were  10  to  20  /ig/ADt  and 
total  PCDF  was  around  200  /ig/ADt. 

The  high  levels  of  resin  acids  indicate  relatively  high  black  liquor  losses.  Conductivity 
(2000  MS/cm)  and  water  consumption  (130  m^/tonne)  show  that  water  savings  should  be  possible. 

4.11.8  Kimberly-Clark  Canada  Inc..  Terrace  Bay  (Mill  19) 

This  mill  produces  11 40  tonnes  per  day  of  tjleached  market  kraft  pulp,  two  thirds  of  which  Is 
produced  from  softwood.  Batch  digesters  are  used  together  with  a  bleach  line  of  C/D  E  D  E  D  for 
hardwood  and  of  C/D  N  Eq  D  E  D  for  softwood  (N  =  neutralization).  A  recently  constructed  ASB  is 
providing  efficient  biological  treatment. 

The  low  BOD  of  1  kg/ADt  indicates  that  the  COD  around  45  kg/tonne  and  the  AOX  of 
1  to  2  kg/ADt  are  fairly  persistent  (COD/BOD  -50).  TSS  is  3  to  4  kg/tonne  which  is  quite  low  for 
an  ASB  treatment  system. 

Minor  amounts  of  chlorofomi  are  found  (1  g/ADt).  Both  di-  and  trichiorophenol  were  fourxi 
together  with  PCDD/PCDFs  compounds  arising  from  the  bleach  plant. 

Resin  ackis  are  low,  indicating  a  good  spill  control  system  and  efficient  biological  treatment. 
Conductivity  and  water  consumption  indicate  possible  water  savings. 

4.11.9  Malette  Kraft  Pulp  and  Paper  Co.,  Smooth  Rock  Falls  (Mill  21) 

This  mill  produces  340  tonnes  per  day  of  bleached  market  kraft  pulp  using  batch  cooking  and  a 
C^/D,a  Eg  D  E  D  bleach  sequence.  The  effluent  is  treated  in  a  primary  clarifier. 

The  COD  shows  a  huge  variation  -  25  to  200  kg/ADt  -  much  higher  than  the  variation  of  BOD 
25  to  40  kg/ADt.  The  COD  variation  is  not  be  due  to  poor  fibre  control,  because  TSS  is  fairly 
constant,  about  5  kg/tonne.  This  wide  variation  in  the  COD/BOD  ratio,  probably  indicates  errors 
in  some  of  the  reported  BOD  or  COD  values,  which  make  it  difficult  to  assess  the  environmental 
quality  of  the  operations. 

Chloroform  Is  moderately  high,  15  g/ADt,  corresponding  to  the  presence  of  2,4-di-  and 
2,4,6-trichlorophenoi  and  an  AOX  level  of  4  kg/ADt  when  no  H-stage  is  applied.  Levels  of  styrene, 
toluene,  unchtorinated  (not  lignin-related)  phenoiics  etc.  could  indicate  poor  spills  containment,  but 
these  reported  data  do  not  correlate  with  the  COD  variations. 
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Resin  acids  are  quite  high  too,  indicating  a  possible  overload  on  the  kraft  chemical  recovery 
system.  The  water  consumption  is  very  high  for  a  marl<et  puip  operation,  170mVtonne,  and 
conductivity  is  iow,  so  water  savings  are  possible.  (A  new  recovery  system  was  under 
construction  in  early  1991). 


4.12  Sulphite-Mechanical  Mills 

4.12.1  Abitibi-Prtce  Inc..  Thunder  Bay  Div.  (Mill  04) 

This  mill  produces  120  tonnes  per  day  of  sulphite  puip  and  300  tonnes  per  day  of  groundwood 
puip  and  makes  460  tonnes  per  day  of  newsprint  with  a  small  addition  of  market  bleached  puip  for 
strength.  Effluent  treatment  consists  of  primary  clarification. 

The  BOD  load  is  around  60  kg/ADt,  DOC  is  60  kg/tonne  and  the  TSS  load  is  4  kg/ADt.  The  origin 
of  di-  and  trichioromethane  remains  obscure.  Resin  acids  are  fairly  high  (500  g/AIDt)  which  is 
normal  for  a  groundwood  operation.  Water  consumption  is  high  (95  mVtonne)  and  conductivity  is 
low,  indicating  a  potential  for  water  savings. 

4.12.2  Abitibi-Price  Inc..  Fort  William  Div.  (Mill  02) 

This  mill  produces  135  tonnes  per  day  of  chemi-mechanicai  (sodium  base  sulphite)  pulp  and 
210  tonnes  per  day  of  groundwood  puip  for  390  tonnes  per  day  of  newsprint  with  a  small  addition 
of  market  bleached  pulp  for  strength.  Effluent  treatment  consists  of  primary  clarification  arwi 
settling  basins. 

The  BOD  load  is  around  40  kg/tonne,  DOC  is  27  kg/tonne,  and  the  TSS  load  is  3  kg/tonne.  The 
origin  of  phenol  and  cresols  is  uncertain.  Resin  ackis  are  quite  high  (750  g/ADt),  which  is  probably 
due  to  the  combination  of  grourxiwood  and  SCMP  production,  which  is  somewhat  similar  to  a 
CTMP  operation.  CTMP  production  t)ased  on  softwood  is  known  to  cause  high  loads  of  resin 
acids.  The  water  consumption  is  about  65  m^/tonne,  and  conductivity  is  900  /xs/cm,  a  reasonably 
tight  water  consumption  for  a  newsprint  mill. 

4.12.3  Abitibi-Price  Inc.,  Iroquois  Falls  Div.  (Mill  01) 

This  mill  produces  850  tonnes  per  day  of  standard  and  specialty  newsprint  from  sulphite  and 
groundwood  pulp  manufactured  on  site.  Nominal  capacities  of  the  pulp  mills  are  240  and 
540  tonnes/day  respectively.  Effluent  treatment  consists  of  two  primary  clarifiers  in  parallel  with 
4  hours  nominal  retention  time. 

The  BOD  load  Is  around  70  kg/tonne,  DOC  Is  60  kg/tonne,  and  TSS  is  10  kg/tonne.  The  effluent 
contains  some  dl-  and  trichioromethane,  and  in  one  sample  in  April,  the  whole  range  of 
halogenated  volatiles  was  present.  This  is  surprising.  Some  volatile  aromatics  were  found 
frequently  (toluene,  phenol  etc.). 

Resin  acids  are  quite  high  (800  g/ADt)  as  is  normally  seen  for  this  type  of  mill.  The  water  flow  is 
70  mVtonne,  and  conductivity  is  1 100  /is/cm  which  is  reasonably  tight. 
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4.12.4  Abitibi-Prlce  Inc.,  Provincial  Papers  DIv.  (Mill  03) 

This  mill  produces  420  tonnes  per  day  fine  coated  paper  from  its  own  production  of  groundwood 
(up  to  about  140  tonnes/day)  and  purchased  n^arket  kraft  pulp.  Effluent  treatment  consists  of 
primary  clarification  followed  by  a  settling  porxl  with  10  hours  retention  time. 

BOD  Is  as  expected  from  a  mill  without  secorxlary  treatment,  about  10  kg/tonne  and  DOC  is 
7  kg/tonne.  TSS  figures  are  low,  3.5  kg/tonne.  TSS  and  DOC  seem  to  follow  the  same  pattern. 
This  Is  a  little  unexpected,  because  the  DOC  analysis  excludes  fibres,  and  it  suggests  that  the 
primary  treatment  system  generally  works  well.  The  TSS  toad  apparently  comes  from  the  pulp  and 
paper  mill  production,  not  from  an  improper  primary  treatment  system. 

Dlchloromethane  (methylene  chlorkje)  and  trichloromethane  (chloroform)  are  in  the  order  of 
0.5  to  2  g/tonne,  which  Is  as  low  as  expected  from  a  chlorine  compound  free  bleach  plant 
operation. 

Non-chlorinated  resin  acWs  are  low  in  this  effluent  (-50  g/tonne).  The  water  consumption  per 
tonne  of  produced  product  is  quite  high,  llOm^/tonne  and  conductivity  is  low  350;is/cm, 
suggesting  that  the  potential  for  effluent  flow  reduction  Is  good. 

4.12.5  Boise  Cascade  Canada  Ltd.,  Kenora  (Mill  07) 

This  mill  produces  approximately  850  tonnes  per  day  of  newsprint  from  260  tonnes  per  day 
sulphite  and  550  tonnes  per  day  groundwood  pulp  with  some  purcf^sed  kraft  pulp.  Effluent 
treatment  consists  of  primary  clarification. 

The  BOD  load  is  around  40  kg/tonne,  COD  is  110  kg/tonne,  and  TSS  is  4  kg/tonne.  The  effluent 
contains  some  trichloromethane  (chloroform)  and  phenol.  Resin  acids  vary  widely  (from 
200  to  3000  g/ADt),  and  this  is  unusual  even  for  a  newsprint  mill.  The  water  consumption  is  quite 
low,  50  m^/tonne. 

4.12.6  Quebec  and  Ontario  Paper  Company  Ltd.  (Mill  23) 

This  mill  produces  870  tonnes  per  day  of  newsprint  from  an  approximately  equal  mix  of 
thermomechanical  pulp  and  deinked  pulp.  Effluent  treatment  consists  of  primary  clarification  and 
oxygen  activated  sludge  treatment. 

The  BOD  load  is  around  1 .5  kg/tonne,  DOC  is  2.0  and  TSS  is  around  3  kg/tonne.  This  is  low,  arxi 
resin  acids  are  also  low  at  1  g/tonne.  The  effluent  passed  all  acute  lethality  tests  in  1990  (8  each 
for  Daphnia  magna  and  for  trout).  This  is  a  marked  contrast  from  the  other  newsprint  mills,  ar>d  is 
presumably  due  to  Q  &  0  being  the  only  mill  in  this  sub-sector  with  secorxJary  treatment. 
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4.12.7  St.  Marys  Paper  Inc.,  SauH  Ste  Marie  (Mill  24) 

This  mlH  produces  500  tonnes  per  day  of  super-calendered  (SC)  and  maclilne-finished  (MF) 
groundwood  specialty  paper  with  20%  bleached  i(raft  and  10%  fillers.  The  groundwood  pulp 
production  on  site  is  approximately  400  tonnes  per  day.  Effluent  treatment  consists  of  primary 
clarification. 

The  BOD  load  Is  around  15  i<g/tonne  of  product.  In  two  periods,  in  March  and  April,  the  BOD  load 
was  reported  to  be  5  kg/tonne,  but  this  was  not  followed  by  a  decline  in  COD,  so  the  validity  of 
these  results  Is  questional^le".  TSS  Is  in  the  range  of  10  to  15  kg/day,  and  COD  Is  around 
50  kg/tonne.  The  reporting  of  chiorir^ated  methanes  was  unexpected.  Small  amounts  of 
naphthalene,  phenol  and  cresds  were  also  reported.  Resin  acids  were  around  400  g/tonne  or 
5  mg/l_  which  is  probably  the  reason  for  the  acute  toxicity  of  the  effluent.  The  water  consumption 
Is  around  65  m^/tonne  and  conductivity  Is  low,  250  /iS/cm,  so  water  savings  should  be  possible. 

4.12.8  Spruce  Falls  Power  and  Paper  Company  Ltd.,  Kapuskasing  (Mill  25) 

This  is  a  1000  tonnes  per  day  newsprint  mill  based  on  magnetite  pulp,  groundwood  and 
thermomechanical  pulp.  The  magnefrte  operation  includes  a  chemical  recovery  plant.  Some 
purchased  kraft  is  also  added.  Effluent  treatment  consists  of  primary  clarification. 

The  BOD  load  Is  30  to  35  kg/tonne,  and  TSS  Is  about  8  kg/tonne.  COD  varies  by  a  factor  of  two 
from  50  to  1 00  kg/tonne,  which  is  not  reflected  in  the  BOD  value.  Low  levels  of  chloroform  from  an 
unknown  source  were  also  reported.  Resin  acids  range  from  400  to  600  g/tonne  (4  to  9  mg/L). 
The  water  consumption  Is  around  80  m^/tonne,  and  conductivity  is  low,  300  /xs/cm.  so  water 
savings  should  be  possible. 


4.13  Corrugating  Mills 

4.13.1  Domtar  Inc..  Containerboard  Division,  Trenton  (Mill  13) 

This  mill  produces  340  tonnes  per  day  of  corrugating  medium  from  secondary  fibres  and 
200  tonnes  per  day  of  semichemical  soda  pulp  (hardwood).  The  white  water  system  is  quite 
closed,  and  the  cooking  liquor  from  the  pulping  process  is  recovered  arxJ  used  as  a  road  binder. 

The  BOD  load  Is  around  15  kg/tonne,  COD  Is  32  kg/tonne,  and  TSS  is  1  kg/tonne.  Resin  ackJs 
were  reported  around  15  g/tonne.  The  water  consumption  is  about  12  m^ /tonne,  and  conductivity 
is  1 000  ;is/cm. 


"  MiU  staff  have  subsequently  advised  that  the  exceptionally  low  BOD  data  are  questionabte. 
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4.13.2  MacMillan  Blo«del  Ltd.,  Sturgeon  Fall*  (Mill  20) 

This  mill  manufactures  true  NSSC  pulp  for  use  as  comjgating  medium  (192  tonnes  per  day)  and 
TMP  for  outdoor  hardboard  (variable  production  averaging  about  70  tonnes  per  day).  An 
anaerobic  treatment  system  was  commissioned  in  late  1990,  arxJ  Is  not  yet  fully  operational. 

The  BOD  and  DOC  loads  are  125  kg/tonne,  and  TSS  Is  8  kg/tonne.  Total  resin  ackJs  are 
100g/tonne. 

The  vi/ater  consumption  is  50  m^/tonne,  and  conductivity  is  rather  high,  1800  ^s/cm,  so  further 
water  savings  may  not  be  achievat)ie  without  corrosion  problems,  or  removal  of  the  spent  cooking 
liquor  from  the  system. 


4.14  Delnklng-Board-Flne  Papers-Tissue  Mills 

4.14.1  Beaver  Wood  Fibre  Company  Ltd..  Thorold  (Mill  05) 

260  tonnes  per  day  of  paperboard,  primarily  for  gypsum  wall  board,  are  made  from  secondary 
fibres.  Effluent  treatment  involves  primary  clarification. 

The  resulting  BOD  load  is  around  8  kg/tonne,  and  TSS  4  kg/tonne  with  slightly  higher  values  for 
both  variables  during  winter.  Trace  amounts  of  some  halogenated  voiatiies  and  of  phenol  are  also 
reported,  of  insignificant  environmental  relevance.  Resin  ackls  vary  from  20  to  50  g/tonne.  Water 
consumption  varies  from  50  to  100  m^tonne,  and  conductivity  is  around  375MS/cm,  so  water 
savings  are  possible.  The  production  is  quite  unstable  with  shutdowns  every  week. 

4.14.2  Domtar  Inc.,  Fine  Papers  Div.,  St  Catharines  (Mill  12) 

200  tonnes  per  day  of  fine  and  specialty  paper  are  produced  from  bleached  and  semi-bleached 
market  pulp  and  better  qualities  of  secondary  fibres.  Effluent  treatment  consists  of  primary 
clarification. 

The  BOD  load  is  generally  below  10  kg/tonne,  and  TSS  is  3  kg/tonne.  COD  values  vary  from 
40  to  200  kg/tonne,  which  is  inconsistent  with  the  BOD  load.  Resin  acids  vary  from 
20  to  200  g/tonne,  but  these  peak  values  are  not  correlated  to  the  COD  peak  values.  This  raises 
the  question  as  to  the  quality  of  the  data.  Water  consumption  is  around  65  mVtonne,  and 
conductivity  is  375  ^s/cm.  This  Is  a  surprisingly  high  water  consumption  and  pollution  burden  for 
a  non-integrated  paper  mill. 

4.14.3  E.B.  Eddy  Forest  Products  Ltd.,  Ottawa  (Mill  15) 

1 50  tonnes  per  day  of  fine  papers  are  produced  from  purchased  bleached  softwood  arxl  hardwood 
pulp.  Effluent  treatment  consists  of  primary  clarification. 

The  BOD  load  is  7  kg/tonne,  TSS  is  2  to  3  kg/tonne,  and  the  COD  is  around  15  kg/tonne.  Trace 
amounts  of  halogenated  and  non-halogenated  voiatiies  were  reported  including  chloroform, 
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benzene,  toluene,  xylene,  and  naphthalene.  Resin  acids  vary  from  3  to  50  g/tonne.  Water 
consumption  is  around  45  m^/tonne,  and  conductivity  is  300  ^s/cm,  so  water  savings  are  possible. 

4.14.4  Noranda  Forest  Inc.,  Recycled  Papers,  Thorold  (Mill  22) 

270  tonnes  per  day  of  fine  paper  are  produced  from  purchased  bleached  kraft  and  deinked  fine 
papers.  The  ink  washer  effluent  is  bidogicaily  treated  in  a  separate  system,  before  It  is  combined 
with  the  rest  of  the  process  water.  The  deinked  pulp  is  bleached  in  a  C  or  H  sequence,  and  the 
effluent  Is  combined  with  the  process  water.  All  process  water  goes  through  primary  clarification 
prior  to  discharge  together  with  the  storm  water  effluent. 

The  BOD  load  varies  from  8  to  15  kg/tonne,  and  DOC  is  6.5  kg/tonne.  There  could  be  errors  in 
the  low  values  reported  from  January  and  February,  because  DOC  values  do  not  show  a  similar 
minimum.  TSS  had  not  been  reported.  AOX  is  generally  low,  0.1  to  0.2  kg/tonne,  although  a  peak 
value  of  1 .5  kg/tonne  was  reported  for  May  90.  The  H-stage  gives  rise  to  chloroform  loads  up  to 
16  g/tonne  and  0.5g/tonne  of  bromodichioromethane.  Hexachlorocyclopentadiene  was  reported 
In  amounts  of  10to30  mg/tonne.  Resin  acids  are  found  in  the  form  of  dehydroabietic  acid 
40  to  50  g/tonne,  and  a  variety  of  metals  in  trace  amounts  were  found  as  well  (possibly  from  the 
ink).  Water  consumption  is  around  75  m^/tonne,  and  conductivity  is  900  ^s/cm,  so  water  savings 
seem  possit:>le. 

4.14.5  Kimberly-Clark  Canada  Inc.,  St.  Catharines  (Milt  18) 

This  is  a  converting  paper  mill  producing  13  tonnes  per  day  of  glazed  paper,  47  tonnes  per  day  of 
wet  crepe  tissue  paper  and  64  tonnes  per  day  of  crepe  tissue  paper;  all  from  purchased  kraft  pulp 
and  secondary  fibres.  The  effluent  is  treated  in  a  primary  ciarifier. 

The  BOD  load  is  around  3  kg/tonne,  and  TSS  is  less  than  1  kg/tonne.  COD  shows  great  variations 
from  5  to  16  kg/tonne  with  the  average  around  9  kg/tonne.  Resin  acids  are  generally  lower  than 
1  g/tonne,  but  occasional  peaks  of  dehydroabietic  acid  are  seen  (in  one  example  up  to 
26  g/tonne).  These  peaks  are  not  correlated  with  BOD.  The  water  consumption  is  high, 
70  m^/tonne.  and  conductivity  is  low,  400  /is/cm,  indicating  water  savings  are  possible. 

Several  of  the  analyses  conducted  during  the  1990  MISA  monitoring  program  showed 
exceptionally  high  zinc  concentrations.  Two  were  rejected  as  being  analytical  errors  after  the 
likelihood  of  contamination  from  the  sample  bottle  cap  was  established.  Of  the  remaining  samples, 
the  highest  was  9290  hq/L.  whereas  the  highest  concentration  of  zinc  found  in  any  other  mill  in  this 
sub-sector  was  under  600  ^g/L  The  mill  staff  were  unable  to  correlate  the  incidences  of  high  zinc 
concentrations  with  any  product  grade,  chemical  used  or  other  operating  condition.  (Personal 
communications  with  Dixon  Ng.  mill  environmental  engineer  May  and  June  1991).  In  1991  the 
company  instituted  a  program  of  frequent  analysis  of  the  effluent  for  zinc  in  an  attempt  to  estatdish 
if  the  discharges  are  actually  so  high,  and  if  so  to  determine  a  means  of  eliminating  them. 

The  authors  of  the  present  report  have  assumed  that  the  high  values  are  erroneous,  since  they  are 
far  beyond  any  other  known  data,  and  there  have  been  no  reports  of  any  effects  of  zinc 
downstream.  In  the  event  that  the  current  program  determines  that  the  emissions  did  actually  take 
place,  the  solution  will  almost  certainly  be  to  eliminate  the  use  of  whatever  raw  material  is  the 
source. 
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4.14.6  Kimberiy-Clarfc  Canada  Inc.,  Huntsvllle  (Mill  17) 

100  tonnes  per  day  of  facial  tissue/household  towels  are  produced  from  purchased  bleached 
softwood  and  hardwood  pulp.  Effluent  treatment  consists  of  primary  clarification  for  14  hours  and 
5  days  In  a  polishing  basin.  In  the  winter  time,  this  is  followed  by  tertiary  treatment  in  percolation 
beds,  and  in  the  summer,  the  effluent  is  spray  irrigated  on  the  mill  property,  i.e.  zero  effluent. 

in  the  winter  time,  the  BOD  load  is  generally  below  0.03  kg/tonne,  COD  is  less  than  0.7  kg/tonne. 

4.14.7  Trent  Valley,  Paperboard  Industries  Corporation,  Trenton  (Mill  27) 

This  mill  produces  320  tonnes  per  day  of  uncoated  papertioard  from  waste  paper.  Effluent 
treatment  consists  of  primary  clarification. 

The  BOD  is  about  5  kg/tonne,  COD  is  1 1  kg/tonne,  and  TSS  is  1 .8  kg/tonne.  The  water 
consumption  Is  only  12  m^/tonne.  Conductivity  is  around  1000  >(S.  indicating  that  some  further 
water  conservation  is  possible. 

4.14.8  Strathcona  Paper  Company,  Napanee  (Mill  26) 

165  tonnes  per  day  of  boxboard  are  produced  from  secondary  fibres.  The  paper  machine  is 
equipped  with  a  saveall  and  two-thirds  of  the  white  water  is  reused.  Effluent  treatment  consists  of 
primary  clarification  followed  by  ASB  and  3  facultative  lagoons. 

The  BOD  load  varies  from  1  to  6  kg/tonne,  and  TSS  is  around  1 .5  kg/tonne.  The  COD/BOD  ratio 
is  roughly  3  except  for  very  small  BOD  (faulty  BOD  results?)  when  the  ratio  approaches  7.  Trace 
amounts  of  chloroform  and  other  halomethanes  are  reported  together  with  toluene,  phenol,  and 
cresols.  Resin  acids  are  generally  small  loads  of  5  g/tonne  or  less,  mainly  dehydroabietic  ackl. 
The  water  consumption  is  22  m^ /tonne  and  conductivity  is  700  /xs/cm,  so  further  water  savings 
seem  possible. 
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5  DEMONSTRATED  CONTROL  TECHNOLOGY 
5.1  Discharge  Prevention  at  Source 


SUMMARY  Many  of  the  pulp  and  paper  manufacturing  processes  used  in  Ontario  can  be 
modified  to  reduce  effiuent  discharges  at  the  source.  This  results  In  a  reduced  consumption  of 
energy  and  raw  materials  and  generation  of  solid  wastes,  and  always  lowers  the  need  for  external 
effluent  treatment.  Known  by  various  names  such  as  'Pollution  Prevention  at  Source',  'In-plant 
Control'  and  'Process  Modifications',  these  technologies  are  particularly  well  developed  for  the 
kraft  process  which  is  one  of  the  two  principal  sources  of  effluent  in  the  Ontario  pulp  and  paper 
industry. 

All  types  of  mills  can  reduce  water  flows  to  below  50  m^ /tonne  product.  This  will  reduce 
discharges  of  many  pollutants  by  a  small  amount.  The  prime  significance  is  that  the  minimum 
concentrations  of  BOD,  TSS  and  many  other  contaminants  attainable  in  the  proven  effluent 
treatment  processes  reach  a  minimum  floor',  so  that  flows  must  be  minimized  if  minimum  effluent 
discharges  are  to  be  attained.  Design  and  management  of  the  white  water  system  play  a  major 
part  in  controlling  effluent  flows,  and  the  In-plant  modifications  mentioned  below  for  specific 
pulping  processes  generally  result  in  concurrent  flow  reductions. 

Technology  available  for  control  of  effluent  parameters  other  than  flow  is  dependent  on  the 
manufacturing  process  used.  For  kraft  mills  the  best  available  technology  for  reduction  of  effluent 
discharges  at  source  would  be  dry  det^arking,  chip  screening  by  thickness,  extended  cooking  in 
the  digester,  high-efficiency  pulp  washing,  oxygen  delignification,  and  substitution  of  chlorine  by 
chlorine  dioxide  in  bleaching.  For  the  sulphite /mechanical  sub-sector  the  choice  is  limited  to 
replacement  of  the  sulphite  pulping  operation  by  TMP  or  purchasing  kraft  pulp  to  reinforce  the 
groundwood  pulp  which  is  the  principal  pulp  furnish. 

Technologies  for  control  of  effluent  discharges  at  source  are  being  developed  at  an  increasing 
rate  by  equipment  vendors,  research  organizations  and  the  mills  themselves,  so  no  milt  is 
completely  up-to-date  in  their  application.  Some  of  these  technologies  can  be  readily  retro-fitted. 
Others  are  routinely  installed  in  new  installations  but  are  extremely  expensive  to  retrofit,  except 
perhaps  as  part  of  a  major  mill  rebuild. 


5.1.1  Dry  debarking 

Before  the  logs  are  converted  to  chips,  the  outer  bark  and  dirt  contamination  must  be  removed. 
The  process  for  carrying  out  this  operation  is  termed  debarking  and  may  be  a  wet  or  a  dry 
process.  The  early  method  of  debarking  involved  removal  of  bark  in  drum  barkers.  Wet  and  dry 
drum  barkers  are  commonly  used  in  the  industry.  Wet  drum  barkers  produce  cleaner  chips 
compared  to  the  dry  drum  barker. 

The  one  possible  replacement  technology  for  wet  drums  is  the  mechanical  ring  barker.  These  are 
well  developed  and  represent  the  latest  technology.  The  ring  barkers  are  particular  suited  to  areas 
that  have  snnall  diameter  logs  and  are  popular  In  the  BC  interior  mills.  The  drive  to  reduce  effluent 
discharges  is  one  of  the  main  reasons  why  dry  debarking  systems  were  developed. 
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The  cambium  shear  barkers  are  used  for  whole  log  debarking  and  produce  dean  logs  arxJ  a  dry 
bark  that  is  easily  burned.  This  type  of  barker  takes  advantage  of  the  weakness  in  the  natural 
bonding  t>etween  the  bark  and  the  wood. 

The  separation  of  bark  from  wood  is  an  essential  part  of  wood  preparation  for  any  pulping  process. 
Thoroughly  debarked  wood  is  essential  for  a  clean  pulp.  Any  reskJual  particles  are  removed  during 
the  t>leaching  process  in  kraft  mills.  The  removal  of  bark  also  avokJs  wastage  of  cooking  and 
bleaching  chemicals.  This  in  turn  reduces  the  load  on  the  chemical  recovery  cyde  and  also 
minimizes  the  load  on  the  effluent  system. 

For  quality  control  purposes,  dry  debarking  machines  must  be  well  maintained.  This  is  particularly 
tnje  for  the  hard  steel  tips  of  the  scraping  blades  that  are  a  key  part  of  the  machine.  If  the 
del^arking  units  are  well  maintained,  good  debarking  performance  can  be  accomplished  even 
when  frozen  logs  are  debarked  under  winter  conditions. 

The  environmental  benefits  of  dry  debarking  are  wklely  accepted.  Nevertheless,  it  is  considered  by 
some  newsprint  manufacturers  that  dry  debarking  does  not  produce  wood  that  is  sufficiently  clean 
for  paper.  However  dry  debarking  Is  used  by  many  newsprint  mills,  including  Boise  Cascade  at 
Kenora  and  CPFP  at  Thunder  Bay,  and  most  mills  with  wet  debarking  systems  purchase  some  of 
their  wood  in  chip  form  from  sawmills  which  use  dry  debarking  equipment.  In  many  Canadian 
bleached  kraft  mills,  dry  debarking  is  used  even  under  severe  winter  conditions  to  produce  very 
clean  market  pulps.  The  authors  conskler  tfiat  it  would  be  technically  feasible  to  replace  wet 
debarking  by  a  dry  process  in  alt  Ontario  mills. 

Dry  debarking  is  always  more  desirable  environmentally  than  wet  debarking,  and  hias  been  almost 
universally  adopted  in  mills  built  since  the  mkf  1970s.  The  alternative  technology  trains  evaluated 
in  Section  7  assume  that  there  would  be  no  change  In  debarking  practices  In  the  mills  concerned 
due  to  the  difficulty  of  estimating  the  capital  costs  of  the  necessary  modifications.  Effectively, 
many  mills  are  moving  steadily  towards  dry  debarking,  since  they  are  generally  increasing  the 
proportion  of  wood  that  is  being  purchased  in  the  form  of  (dry  debarked)  chips  from  sawmills. 
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5.1.2  Chip  processing 


SUMMARY  The  benefits  of  upgrading  tiie  chip  preparation  system  are  directly  related  to  the 
performance  of  the  original  system.  When  a  poor  chip  processing  system  is  replaced  by  an 
upgraded  modern  system,  annual  savings  of  $1,000,000  to  $3,000,000  for  a  1000  ADt  per  day  mill 
can  be  realized. 


tt  is  well  known  to  pulp  mill  operators  that  the  quality  and  uniformity  of  the  chips  fed  to  the  digester 
have  a  significant  impact  on  effluent  quality.  Uniformity  of  pulp  is  a  prerequisite  for  effective  use  of 
oxygen  delignlfication,  high  chlorine  dioxide  substitution  and  the  precise  control  of  the  bleach  plant 
that  is  essential  for  reduction  of  emissions  of  chiorlnated  compounds  and  other  pollutants  at 
source.  High  chip  quality  also  reduces  the  risk  of  accidental  losses  to  sewer  caused  by  process 
upsets.  The  authors  were  unable  to  quantity  effluent  quality  improvements  resulting  from 
upgrading  chip  processing  systems  so  as  to  include  them  in  the  alternative  technology  trains. 
However,  as  discussed  below,  It  is  apparent  that  It  is  quite  reasonable  to  justify  upgrading  poor 
chip  processing  systems  on  economic  grounds,  so  It  is  generally  assumed  that  this  has  been 
undertaken,  or  will  be  prior  to  installation  of  process  modifications  to  reduce  effluent  discharges  at 
source  in  kraft  mills. 

By  screening  chips  according  to  thickness,  rather  then  by  length,  ar>d  reprocessing  the  thicker 
chips,  knotter  rejects  can  be  reduced  to  at  least  half.  The  rejects  then  will  be  more  truly  knots  and 
compression  wood.  Precursors  for  TCDD/TCDF  are  concentrated  in  compression  wood  if  present 
in  the  tree  and  can  be  rejected  from  the  system.  There  will  also  be  a  reduction  in  the  brown  stock 
screen  rejects  which  wili  significantly  reduce  the  load  to  the  waste  disposal  system. 

The  improved  chip  dimensions  will  promote  more  uniform  cooking  and  reduce  cooking  chemical 
consumption.  The  more  uniform  cooking  means  iess  variation  in  bleach  plant  feed  leading  to 
t>etter  control  and  less  terxiency  to  over  bleach.  These  improvements  have  a  favorable  impact  on 
the  effluent  quaiity  leaving  the  pulping  line. 

There  is  a  need  for  caution  in  generalizing  since  there  are  many  different  processes  currently  In 
use.  The  industry  trend  is  towards  manufacturing  and  screening  of  chips  according  to  thickness 
rather  than  chip  length,  as  was  the  normai  practice  in  the  past.  Although  liquor  penetration  Into  the 
chips  is  faster  along  the  grain,  the  distance  across  the  thickness  dimension  of  a  chip  is  much  less. 
Liquid  penetration  of  the  chip  is  normally  controlled  by  the  slower  penetration  across  the  thickness 
rather  than  the  length.  This  is  especially  true  for  the  kraft  pulping  process  and  is  generally  true  for 
most  chemical  pulping  processes.  Some  pulping  processes  use  chemicals  that  travel  much  more 
rapidly  along  the  grain  than  across  the  grain.  In  some  of  these  cases,  the  rate  of  penetration 
across  the  grain  is  so  slow  that  the  grain  length  is  the  controlling  factor. 

There  are  several  different  approaches  to  producing  pulp  wood  chips,  and  the  method  selected  is 
normally  related  to  the  major  products  of  the  operation.  Disc  chippers  are  utilized  for  sizes  ranging 
from  small  pieces  of  log  trim  up  to  whole,  large  diameter  logs.  Other  chip  producing  equipment  is 
designed  to  shape  lumber  as  It  chips  off  the  excess  wood  from  the  logs  or  from  rough  lumber 
slabs  cut  from  logs. 
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The  modern  disc  chipper  was  first  patented  about  100  years  ago.  The  basic  principles  remain  the 
same  today,  although  improvements  have  been  made  to  increase  productivity  and  to  control  chip 
length  requirements.  With  the  attention  shifting  more  and  more  towards  chip  thickness,  the  chip 
producing  equipment  is  currently  t>eing  set  up  to  favour  the  thickness  desired  more  so  than  some 
specified  length.  This  can  mean  different  settings  for  chips  produced  In  the  winter,  when  frozen 
wood  tends  to  sfiatter  more,  than  during  more  favourable  weather  conditions.  There  are  many 
variations  In  disc  chipper  design,  including  different  methods  of  exposing  the  logs  to  the  chipping 
disc,  securing  the  logs,  and  controlling  the  chip  size.  About  75%  of  the  world  supply  of  pulp  wood 
chips  are  produced  with  disc  chippers. 

The  quality  of  the  chips  produced  by  disc  chippers  depends  greatly  on  the  type  of  material  being 
converted.  Whole  logs  produce  uniformly  sized  chips,  while  randomly  sized  pieces  of  wood  can 
produce  wkJe  variations  In  chip  shape  and  size.  It  is  extremely  important  to  have  chippers  that  are 
designed  for  the  raw  material  on  which  they  will  be  used.  By  careful  design  arxJ  good  maintenance 
of  the  disc  chippers,  a  product  welt  suited  to  the  pulping  process  being  served  can  be  obtained. 

Changes  in  sawmill  technology  took  place  early  in  the  1960s  to  reduce  raw  material  waste  and  to 
reduce  manpower  requirements.  In  the  major  lumber  producing  regions,  cfianges  were  extensive. 
Today,  approximately  one-third  of  the  supply  of  pulp  wood  chips  In  North  America  is  made  from 
sawmill  residuals.  In  a  modern  sawmill,  where  fibre  recovery  is  efficient,  lumber  cutting  devices  are 
especially  designed  to  produce  both  lumber  and  chips  suitable  for  sale  to  pulp  mills.  A  minimum 
amount  of  waste  in  the  form  of  sawdust  and  other  debris,  is  produced  by  a  well-designed  system. 

In  a  modern  well  operated  pulp  mill,  not  only  are  the  oversize  and  the  undersize  materials  removed 
but  also  selective  screening  takes  place  to  enhance  desirable  size  distribution.  The  screening 
operation  has  become  a  corrective  step  rather  than  a  protective  step.  Therefore,  it  is  not  unusual 
for  an  elaborate  chip  screening  system  to  be  installed  for  both  continuous  and  batch  digesters. 

The  latest  technology  chip  screens  are  designed  to  screen  out  over-thick  chips  and  remove 
sawdust.  The  over-thick  chips  are  passed  to  a  corrective  operation  in  which  the  chips  are  sliced 
with  the  grain  thereby  producing  chips  of  uniform  thickness.  The  end  result  is  that  the  liquor 
penetration  Is  well  controlled,  pulping  is  more  uniform,  arxJ  knotter  arxj  pulp  screen  rejects  are 
minimized.  The  more  uniform  pulping  within  the  digester  leads  to  a  more  uniform  and  stronger 
pulp. 

Chip  screening  systems  to  carry  out  the  controlled  separation  of  undesirable  material  are  usually 
made  up  of  a  combination  of  disc  and  slotted  chip  screens.  The  oversize  chips  in  a  kraft  operation 
are  removed  by  scalping  screens  set  to  reject  material  with  a  thickness  greater  than  8  mm.  This 
material  Is  then  passed  to  a  slicer  and  the  reprocessed  material  is  returned  to  the  chip  screens. 
Primary  screens  follow  the  scalping  screens  and  the  trend  is  towards  secondary  screens.  Within 
these  screening  machines  there  are  usually  both  slots  arxJ  perforations  with  the  sizes  chosen  on 
the  t)asls  of  local  needs. 

in  the  colder  climates,  the  winter  screening  of  chips  was  frequently  difficult.  The  frost  trd  snow 
that  followed  the  chip  flow  would  tend  to  melt  during  the  screening  operation  and  to  refreeze  as  it 
left  the  screen.  The  refreezing  then  led  to  the  t)ottom  screen  mesh  t)linding  over  arxi  no  effective 
screening  would  take  place  This  caused  a  great  deal  of  difficulty  in  the  operation  of  continuous 
digesters.   Chip  screen  arxi  digester  manufacturers  resporxled   by  design  changes  to  their 
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equipment.  The  digesters  were  made  less  sensitive  to  sawdust  and  pin  chips  while  screens  were 
designed  to  avoid  blinding.  One  such  screen  system  Involves  flexible  screen  panels  that  are  self 
cleaning  so  that  blinding  under  any  conditions  Is  avoided. 

With  this  latest  technology  In  chip  screening,  a  unifomi  digester  feed  is  assured.  This  brings  about 
more  uniform  liquor  penetration  that  assures  a  higher  quality  and  more  uniform  pulp.  The  pulp 
product  is  easily  bleached  and  the  tendency  to  over-bleach  to  remove  shrves  and  coloured  fibre  is 
significantly  reduced.  The  better  controlled  bleach  operation  produces  lesser  amounts  of 
chlorinated  organlcs.  Knotter  and  pulp  screen  rejects  are  reduced  in  volume  leading  to  greater 
efficiency  of  raw  material  use  as  well  as  avoiding  a  solid  waste  burden. 

An  example  of  a  major  improvement  In  mill  operations  resulting  from  modemized  chip  processing 
was  reported  by  Mclntyre  (1991)  who  described  the  impact  of  the  new  woodroom  for  the 
Weyerhaeuser  mill  at  Prince  Albert,  Saskatchewan.  The  project  cost  approximately  $22,000,000 
and  apparently  involved  building  an  entire  wood  handling  system  to  allow  for  the  increased  use  of 
aspen  for  the  new  fine  paper  machine.  The  results  of  the  project  provide  an  opportunity  to  assess 
the  benefits  of  improved  chips  at  one  kraft  operation.  The  benefits  reported  by  Mcintyre  (1991) 
included  a  3.75%  reduction  in  load  to  the  recovery  trailer  which  was  translated  into  a  35  ADt  per 
day  production  increase.  The  reduction  in  loading  is  directly  related  to  reduced  knotter  and  pulp 
screen  rejects,  reduced  chemical  requirements  arxJ  losses,  improved  digester  operation  and  other 
Items.  The  total  t>eneffts  translate  into  a  predicted  savings  of  $  5,300,000  annually. 

The  portion  of  the  cost  for  upgrading  the  chip  screening  system  was  $9,900,000,  but  most  of  the 
reported  savings  in  pulping  would  t>e  traceable  to  the  chip  screen  system.  This  Is  reported  in  the 
reference  and  is  in  keeping  with  the  author's  experience.  The  savings  realized  by  eliminating  the 
pneumatic  transfer  of  chips  would  be  significant  but  not  a  major  part  of  the  $5,300,000  annual 
savings  predicted. 

5.1.3  Continuous  digester 

Until  about  1950  kraft  pulp  was  invariably  produced  in  batch  digesters,  but  continuous  digesters 
were  developed  by  several  companies,  with  the  first  Canadian  installation  in  Hinton,  Ait>erta  in 
1955. 

To  assure  that  strength  and  yields  are  reasonatsie,  close  control  over  the  cooking  cycle  must  be 
maintained,  improved  strengths  and  yield  have  been  achieved  by  technological  changes  In  control 
methods.  These  efforts  eventually  led  to  the  development  of  continuous  cooking  processes  that 
were  targeted  at  reducing  the  chemical  reaction  shocks  and  provkling  less  drastic  cooking 
conditions.  One  such  process  was  developed  by  Kamyr  and  who  are  now  in  a  world  dominating 
position  In  the  kraft  industry.  Eventually  the  process  evolved  to  produce  higher  yields  and  stronger 
pulps. 

The  advantages  of  the  continuous  digester  are  similar  to  any  continuous  process  over  a  batch 
operation.  These  are  steady-state  conditions  that  produce  a  product  at  a  continuous  rate,  and  use 
raw  materials,  steam,  power,  and  manpower  at  consistent  and  relatively  easily  predictable  rates.  It 
is  generally  easier  to  operate  continuous  digesters  with  less  accktental  spilling  of  pollutants,  than 
for  t)atch  processes.  The  product  strength  is  generally  consklered  to  be  superior  to  the  old  batch 
methods.  Some  new  batch  cooking  techniques  also  provide  equally  improved  pulp  qualities. 
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The  disadvantage,  over  batch,  is  that  the  continuous  digesters  are  less  flexible  than  batch, 
particulariy  where  several  puip  grades  are  involved.  The  batch  system  ailows  for  more  than  one 
pulp  grade  to  be  produced  at  one  time  by  using  different  digesters  for  different  pulp  grades  or 
wood  species.  A  continuous  systenn  normally  performs  better  with  uniform  raw  materials  and  also 
requires  sophisticated  operating  controls.  Almost  all  new  kraft  mills  built  since  1970  use 
continuous  cooking  processes,  and  most  engineers  in  the  industry  would  agree  that  they  are  more 
desirable  environmentally  than  t>atch  digesters.  It  Is  usually  technically  feasit)le  to  replace  a  batch 
digester  system  with  a  continuous  one,  but  the  capital  cost  is  high  (typically  about  $50  to 
$100  million). 

5.1.4  Modified  cooking 


The  high  concentration  of  active  chemicals  present  at  the  t>eginning  of  conventional  pulping 
gradually  falls  off  as  the  cooking  process  proceeds.  The  wide  swing  in  chemical  concentration 
leads  to  very  drastic  action  at  the  beginning  of  a  cook  and  very  gentle  pulping  at  the  end.  In  the 
early  1980s  Hartler  developed  the  concept  of  "modified"  cooking.  The  objective  was  to  level  off  the 
alkali  concentration  throughout  the  cook  so  that  the  initial  action  would  be  less  aggressive,  and 
additional  lignln  could  be  removed  in  the  latter  stages  of  the  process.  Effectively,  this  was  the 
"extended  cooking"  concept. 
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Figure  31  Yield  vs  Kappa  for  extended  delignification  and  bieaching  softwood  kraft 


Through  the  late  1980s,  vendors  of  both  batch  and  continuous  digester  systems  developed 
practical,  commercial  kraft  pulp  cooking  systems  based  on  Hartler's  modified  cooking  concept. 

In  the  Modified  Continuous  Cooking  (MCC)  process  the  cooking  liquor  is  added  at  several  points, 
instead  of  only  at  the  top  of  the  digester  as  is  indicated  in  the  conventional  continuous  digester 
shown  in  Figure  32  on  page  168.  By  avoiding  the  high  concentrations  of  chemical  at  the  beginning 
of  the  cook,  there  is  less  damage  to  the  fibres.  By  leveling  out  the  active  chemical  concentration 
over  time,  more  lignin  can  be  dissolved  than  in  traditional  cooking.    This  combination  of  less 
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damage  to  the  fibre  and  greater  Ijgnin  removal  leads  to  stronger  pulp  even  at  lower  Kappa  number 
(lower  Hgnin)  while  maintaining  normal  or  better  yields. 

A  vital  part  of  the  MCC  process  Is  the  Increase  In  time  for  liquor  penetration.  This  Is  achieved  by 
having  a  penetration  vessel  that  allows  a  longer  time  for  liquor  penetration  to  take  place  after  the 
air  within  the  chips  has  t>een  displaced.  Penetration  Is  aided  by  hydraulic  loading  of  the  vessel 
before  the  temperature  is  raised  to  the  cooking  level.  As  the  active  chemicals  are  consumed  by 
the  raw  wood,  they  are  replaced  by  the  addition  of  fresh  chemicals  at  strategic  points  in  the 
digester. 

Current  technology  wBI  allow  pulps  to  be  produced  at  Kappa  numbers  of  under  10  for  hardwood 
and  Kappa  numbers  under  15  for  softwood.  This  corresponds  to  llgnin  contents  of  about  1 .5%  and 
2.3%  respectively.  Full  scale  mill  experience  has  demonstrated  that  these  low  Kappa  pulps  have 
strengths  equal  to  those  of  the  25  to  35  Kappa  pulps  produced  by  conventional  cooking  methods 
(Elliott  1989,  Whitley  1990).  The  Longvlew  Fibre  mill  pulped  to  very  low  Kappa  with  only  modest 
loss  In  strength  (IHaas  1990).  The  pulp  viscosity  was  low,  but  under  exterxied  cooking  conditions 
the  viscosity  is  no  longer  a  valkJ  indicator  of  pulp  strength. 

These  experiences  suggest  that  exterxled  deligniflcation  within  the  digester  has  not  yet  been 
exploited  to  its  maximum  potential,  and  tfiat  further  developments  can  be  expected  over  the  next 
few  years.  The  limiting  factor  could  well  l3e  yield  loss.  If  the  operating  techniques  or  equipment 
modifications  can  t>e  developed  so  that  post-bleaching  yield  Is  acceptat)le,  or  the  loss  minor,  then 
rt  appears  that  very  low  lignin  content  pulps  will  t>e  produced  In  future  by  extended  cooking 
technologies. 
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Pulping  yields 

Extended  cooking  can  produce  pulp  at  equal  or  slightly  better  overall  yield  (wood  chips: finished 
bleached  pulp)  than  conventional  cooking  If  the  Kappa  number  Is  lowered  moderately.  There  Is 
some  loss  of  yield  if  the  cook  Is  extended  to  the  lowest  Kappa  number  possible  without  degrading 
pulp  strength.  Effluent  quality  will  always  be  improved  by  extending  the  cook  as  far  as  possible, 
since  It  will  increase  the  proportion  of  the  substances  removed  from  the  wood  in  the 
pulping/bleaching  process  that  is  incinerated  In  the  recovery  boiler.  There  will  be  an  additional 
benefit  in  the  reduction  of  discharges  of  organochiorlnes  since  the  need  for  chlorir^ted  bleaching 
chemlcsds  In  subsequent  bleaching  stages  will  be  reduced.  The  calculations  and  comments  In  this 
report  generally  assume  that  the  exterxled  cooking  process  would  be  designed  and  operated  to 
improve  effluent  characteristics  to  the  greatest  extent  that  Is  technically  feasible.  This  will  result  in 
some  loss  of  overall  pulping  yield  and  appropriate  cost  allowances  are  included  in  the  report. 
Figure  31,  which  is  based  on  laboratory  processing,  irxilcates  that  If  softwood  kraft  is  cooked  to 
15  Kappa,  and  t)leached  with  oxygen  and  then  with  traditional  bleaching  chemicals  there  would  be 
a  2%  loss  in  overall  pulping/bleaching  yield.  Many  mill  technical  staff  with  experience  in  operating 
extended  cooking  systems  have  commented  that  the  loss  in  the  brown  stock  screens  drops 
dramatically.  Most  mills  lose  between  1%  and  3%  of  unbleached  pulp  In  screening.  A  mill 
equipped  with  effective  chip  preparation  equipment  as  discussed  on  page  157  would  be  at  the 
lower  end  of  this  range.  The  authors  have  therefore  assumed  in  calculating  operating  costs  that 
the  actual  loss  of  fibre  caused  by  implementation  of  extended  cooking  technology  would  be  1%.  It 
is  impossible,  to  determine  a  yield  loss  of  this  magnitude  accurately  In  a  mill,  but  It  cannot  t»e 
Ignored  In  evaluating  process  economics. 

Limits  of  extended  cooldng 

As  indicated  above,  It  is  technically  feasible  to  cook  softwoods  to  15  Kappa  and  hardwoods  to 
10  Kappa.  In  view  of  the  loss  of  yield,  the  only  justification  for  a  mill  choosing  to  operate  in  these 
conditions  would  be  to  improve  effluent  quality.  The  alternative  technology  trains  K4  and  K5, 
discussed  in  Chapter  7,  are  intended  to  attain  the  best  possible  effluent  characteristics,  so  are 
based  on  these  low  Kappa  numbers.  If  broader  issues,  such  as  the  advantage  of  consen/ing  forest 
resources  and  costs  are  considered,  the  optimum  target  Kappa  number  would  probably  be 
somewhat  higher. 

Retrofitting  modified  continuous  cooking 

Existing  installations  of  some  conventional  digesters  may  be  retrofitted  to  use  the  Modified 
Continuous  Cooking  technology  Technical  feasibility  depends  upon  several  factors  including 
space  availability,  age  of  the  Installation,  capacity  limitations  of  the  existing  equipment,  and  other 
site  specific  requirements. 

Where  the  existing  Installation  is  old  and/or  overloaded.  It  Is  usually  technically  feasible  to  convert 
the  existing  digester  into  the  penetration  vessel,  and  install  a  new  digester  for  cooking.  This  Is  a 
major  capital  cosl^,  normally  less  expensive  than  a  completely  new  system,  but  provkilng  all  the 


^  Refar  to  Chapter  8  for  estimated  costs  for  Ontario  mills. 
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benefits  of  the  current  technical  developments.  It  Is  not  feasible  to  retrofit  all  existing  continuous 
digester  systems. 

In  some  cases  a  relatively  new  digester  that  Is  operating  at  or  beiow  design  capacity  can  be 
modified  to  tal<e  advantage  of  MCC  mode  to  some  extent  by  installing  cooking  liquor  addition 
points  to  the  washing  section  and  other  appropriate  points.  Performance  will  approach  that  of  a 
new  MCC  system,  and  local  conditions  will  dictate  how  close  it  wiii  t>e.  This  approach  is  relatively 
low  cost  and  easily  carried  out. 

The  authors  consider  that  the  MCC  process  is  demonstrated  technology  and  technicaiiy  feasible  In 
Ontario.  Most  mills  would  have  to  install  new  digesters  to  realize  ait  the  potential  environmental 
benefits  of  MCC  technology.  However,  if  the  Hot  Alkali  Extraction  procedure  discussed  on 
page  228  is  developed  to  a  proven  industrial  process,  then  many  of  the  benefits  of  extended 
cooking  will  be  available  at  relatively  low  cost. 

Modified  batch  cooking 

For  batch  digesters,  implementation  of  extended  cooking  technology  involves  maintaining  liquor 
concentrations  at  a  more  uniform  level  throughout  the  cooking  cycle.  Initially  the  intent  was  to 
Improve  the  batch  energy  consumption  performance  to  make  it  more  competitive  with  the 
continuous  process.  Patents  were  granted  to  Fagerlund  and  the  success  of  the  Modified  Batch 
Cooking  (MBC)  process  was  reported  by  several  groups  as  summarized  by  Andrews  (1989). 

The  changes  brought  about  by  the  MBC  process  led  to  improved  pulping  efficiency  and  puip 
strengths,  so  that  the  MBC  process  can  produce  puips  comparable  to  those  manufactured  by  the 
MCC  process.  There  are  at  least  two  systems  commercially  available  from  well-established 
vendors; 

The  Rapid  Displacement  Heating  (RDH)  System  marketed  by  Beloit  Inc. 
The  Super  Batch  System  marketed  by  Sunds  Deflbrator,  Inc. 

Extended  cooking  to  Kappa  number  levels  of  15  to  18  for  softwood  and  8  to  10  for  hardwoods 
using  the  RDH  process  were  described  in  the  Andrews  (1989)  summary.  Somewhat  similar  results 
were  reported  by  Pursialnen  (1990)  using  the  Super  Batch  process  in  two  Scandinavian  pulp  mills. 

The  MBC  process  involves  impregnating  the  chips  with  warm  lalack  liquor  under  pressure  to 
improve  air  removal  and  improve  liquor  penetration,  leading  to  more  uniform  cooking  conditions. 
The  warm  black  liquor  is  displaced  with  hot  black  liquor  and  white  liquor  and  the  chip  charge  is 
then  cooked.  After  cooking  the  hot  (spent)  black  liquor  Is  displaced  with  wash  liquor  from  the  first 
brown  stock  washer,  and  stored  to  provide  the  hot  black  liquor  for  a  subsequent  cook.  The 
process  was  developed  to  reduce  steam  requirements,  arwl  is  technically  quite  effective  in  doing 
so.  The  equipment  is  much  more  complex  that  for  conventional  batch  digesters,  and  includes 
several  pressure  vessels  at  least  as  large  as  a  digester  and  extensive  piping,  valves  and  control 
systems.  The  complexity  increases  as  the  number  of  digesters  increases.  While  the  basic  cycle 
described  by  several  of  the  above  mentioned  authors  is  simple  In  concept  for  a  single  digester,  it 
requires  careful  scheduling  to  operate  several  digesters  simultaneously,  even  in  theory,  in 
practice,  the  inevitable  upsets  caused  by  equipment  failure  and  operator  error  can  lead  to  major 
losses  in  production  to  attain  the  desired  schedule. 
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Retrofitting  modified  tMtch  cooldng 

In  a  standard  batch  digester  system,  the  operation  of  the  digesters  is  synchronized  to  ailow 
consistent  consumption  of  cooking  liquor,  steam,  electrical  energy,  storage  capacity,  drying 
capacity,  and  manpower.  The  greater  the  number  of  digesters  and  the  more  pulp  grades  that  are 
produced,  then  the  greater  the  importance  of  operating  coordination. 

The  use  of  batch  digesters  provides  a  high  degree  of  flexibiltty  for  a  production  piant.  Under  these 
conditions  each  individual  digester  may  be  programmed  separately.  This  allows  cool<ing  different 
wood  species  in  different  digesters  according  to  customer  requirements.  It  also  allows  for  shutting 
down  of  irxJividual  digesters  for  maintenance,  or  for  operating  adjustments. 

The  shutdown  of  a  solitary  digester  does  not  jeopardize  the  production  schedule  of  other  digesters 
when  they  are  operated  under  standard  cooking  conditions.  It  is  a  simple  case  of  missing  a  blow 
to  the  blow  tank  and  then  joining  the  cooking  sequence  at  a  later  opportunity. 

The  MBC  technology  can  be  retrofitted  to  an  existing  cooking  system.  However,  It  is  not  feasible 
for  all  existing  batch  digester  systems  to  be  converted  to  the  modified  system.  Mill  lay  out  and 
operating  conditions  should  be  conducive  to  the  modifications,  othenwse  it  appears  that  the 
changes  could  make  the  operation  very  complicated. 

The  flexibility  of  the  conventional  system  will  have  to  give  way  to  more  restrictive  practices.  This 
would  take  operator  adjustments  as  well  as  equipment  modifications.  It  would  appear  that  the 
success  of  retrofitting  would  be  related  to  the  existing  number  of  digesters.  It  may  be  beneficial  to 
have  two  or  more  independent  systems  if  a  large  number  of  digesters  are  involved.  One  mill, 
where  an  RDH  system  was  retrofitted,  subsequently  modified  the  installation  along  these  lines,  and 
at  the  time  of  writing  are  satisfied  that  the  system  will  meet  their  requirements. 

The  authors  have  contacted  industry  staff  responsible  for  operating  batch  digesters  which  have 
been  modified  for  extended  cooking,  and  are  advised  that  the  pulp  quality  has  been  very  good, 
and  energy  savings  have  met  expectations.  On  the  other  hand,  there  are  reports  of  difficulties  in 
operating  the  retrofitted  systems  at  rated  production  levels.  This  suggests  that  more  development 
work  is  required  and  this  appears  to  be  taking  place. 

The  authors  reviewed  the  existing  installations  of  extended  batch  cooking  at  rated  production 
levels  at  Val  d'Osta,  and  Bennetsville.  They  consider  that  the  process  control  problems  have  not 
yet  been  solved.  There  are  no  obvious  imminent  solutions  to  these  problems,  so  it  is  not 
considered  that  retrofitting  extended  cooking  to  batch  digester  systems  represents  demonstrated 
technology  for  the  Ontario  kraft  mills  at  the  time  of  writing.  The  only  proven  way  of  implementing 
the  extended  cooking  concept  in  Ontario  mills  which  use  batch  digesters  would  be  to  replace  them 
with  a  continuous  digester. 
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5.1.5  High  efficiency  pulp  washing 

After  the  cooking  chemicals  have  been  exhausted,  the  next  unit  process  Is  the  first  step  in  the 
chemlcai  recovery  cycle.  This  process,  the  brown  stock  washers,  separates  spent  chemicals  and 
dissolved  wood  components  from  the  fibre  released  by  the  cooking  process.  The  separation  is 
carried  out  in  stages  in  a  manner  that  minimizes  the  amount  of  water  required  to  efficiently  remove 
the  dissolved  materials. 

The  Initial  stage  may  occur  in  the  digester,  but  the  main  washing  stages  are  a  separate  process,  in 
recent  years  the  washers  have  been  recognized  as  having  a  major  impact  on  the  mlii  effluent 
characteristics. 

If  the  washing  is  Inefficient  then  chemicals  and  dissolved  wood  remain  with  the  pulp  arxj  some  is 
later  drained  into  the  wastewater  system  when  the  pulp  is  thickened.  The  spent  chemicals  and  the 
dissolved  wood  contribute  to  the  COD  and  BOD  load  discharged  to  the  effluent  system.  A  secor>d 
impact  occurs  when  poorly  washed  stock  is  passed  on  to  the  bleach  plant.  If  chiorine-based 
bleaching  chemicals  are  used,  then  the  dissolved  wood  materials  contribute  to  the  chlorinated 
organics  (AOX)  that  are  formed  in  the  t>ieach  plant. 

Due  partly  to  environmental  concerns.  Increased  attention  has  been  given  to  the  brown  stock 
washing  area.  As  a  result  a  number  of  newly  designed  washing  devices  have  t)een  put  on  the 
market.  These  can  be  described  as  high  efficiency  washers.  There  are  several  types  including 
pressure  displacement  washers,  belt  washers,  pressure  fitters,  presses  of  various  types  as  well  as 
upgraded  drumwashers. 

The  various  types  of  washing  equipment  all  have  the  ability  to  provide  well  washed  stock.  It  is  a 
matter  of  local  preference  and  how  the  equipment  fits  existing  systems.  Four  arKi  five  stage 
washing  is  fairly  common.  A  washer  system  performing  welt  should  be  able  to  provide  a  stock  that 
has  less  than  10  kg/ADt  of  total  soda.  A  visit  to  a  mill  using  a  belt  washer  on  sawdust  revealed  that 
the  soda  loss  was  6  to  8  kg/ADt. 

5.1.6  Pre-chlori nation  Eq 

The  addition  of  oxygen  to  the  first  extraction  stage  is  common  for  bleached  kraft  mills.  The  key  to 
allowing  the  addition  of  oxygen  at  this  point  is  availability  of  efficient  mixers.  It  is  a  low  cost  change 
that  has  a  positive  impact  on  costs,  capacity,  and  effluent  quality.  A  variation  of  this  application  is 
positioning  an  extraction  stage  in  front  of  the  chiorination  stage. 

The  installation  of  a  pre-retention  tube  along  with  an  efficient  mixer  ahead  of  the  chiorination  stage 
allows  an  operation  to  provide  a  low  level  oxygen  delignification  step.  The  reduction  in  chlorine 
consumption  remains  the  main  advantage.  However,  in  this  position  it  also  permits  the  mill  to  use 
a  second  control  point  for  the  bleach  plant  incoming  Kappa  number  so  that  the  bleach  plant 
operates  more  uniformly.  Steady  operation  is  an  important  factor  in  environmental  performance  as 
well  as  n^intaining  pulp  quality. 

The  pre-chlori  nation  Eq  treatment  has  the  advantages  of  low  capital  costs  relative  to  the 
conventional  oxygen  delignification  processes  discussed  below,  and  a  significant  reduction  in 
AOX.    The  demand  for  equivalent  chlorine  is  reduced,  so  the  mill  can  continue  to  use  the  same 
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amount  of  cNorlne  dioxide  in  the  chlorination  stage,  effectively  increasing  the  degree  of 
substitution  without  requiring  additional  chlorine  dioxide  generating  capacity.  Pre-chlorination  Eo 
is  often  described  as  the  "poor  man's  oxygen  delignlfication  system",  which  is  apt.  In  general.  It 
provides  similar  environmental  features  to  those  of  oxygen  delignificatlon,  but  to  a  lesser  degree. 

The  disadvantages  appear  to  include  higher  operating  costs  and  less  effective  reduction  in  AOX 
than  would  be  attainable  with  a  conventional  oxygen  delignificatlon  system.  Some  mills  have 
considered  installing  a  pre-chlorination  Eq  stage  without  recovering  the  washer  filtrate.  This  will  be 
effective  in  reducing  AOX  discharges,  but  not  BOD,  colour  or  other  pollutants  associated  with  the 
black  liquor. 

Pre-chlorination  Eq  is  a  quick,  perhaps  short  term,  solution  which  is  not  used  in  the  technology 
trains  In  this  report  but  may  be  appropriate  in  some  situations. 

5.1.7  Oxygen  delignification 


SUMMARY  Since  the  early  1970s,  oxygen  delignification  has  been  installed  in  many  European 
mills,  as  well  as  a  growing  number  of  mills  in  the  US  and  in  Canada.  The  filtrate  from  an  oxygen 
delignification  stage  may  be  recycled  to  the  chemical  recovery  system.  The  installation  of  an 
oxygen  stage  will  allow  most  bleached  kraft  mills  to  reduce  bleach  plant  BOD  discharges  by 
approximately  50%  and  colour  by  60%.  Discharges  of  organochlorines  will  be  reduced  by 
approximately  35%  to  50%  and  a  50%  reduction  of  TER.  Oxygen  delignification  reduces  the 
Kappa  number  by  approximately  50%. 


The  terms  "oxygen  delignification"  and  "oxygen  bleaching"  are  often  used  interchangeably  to 
refer  to  the  process  discussed  in  this  section.  The  term  "Oxygen  Bleaching"  is  also  sometimes 
used  to  refer  to  the  addition  of  elemental  oxygen  to  the  caustic  extraction  stage,  described  on 
page  78. 

The  raw  effluent  from  systems  using  oxygen  is  generally  highly  coloured  and  has  somewhat  higher 
BOD  than  chlorination  bleaching  effluent,  so  the  maximum  environmental  benefits  are  realized  only 
if  the  filtrate  from  the  oxygen  stage  is  recycled  to  the  chemical  recovery  system,  which  is  the 
universal  practice.  However,  the  efficacy  of  oxygen  delignification  in  reducing  the  discharge  of 
chlorinated  organic  materials  is  not  dependent  on  such  a  recycle.  The  installation  of  oxygen 
delignification  will  allow  most  bleached  kraft  mills  to  reduce  bleach  plant  BOD  discharges  by 
approximately  50%  and  colour  by  60%.  Discharges  of  organochlorines  will  be  reduced  by 
approximately  35%  to  50%  (Norstrom  1987). 

There  is  some  Information  on  reduction  of  acute  toxicity  with  oxygen  delignification.  An  overall 
50%  reduction  in  amount  of  toxicity  (i.e.  Toxic  Units  per  tonne  of  pulp)  has  been  claimed  by 
Arhippainen  (1987),  and  reductions  of  50%  to  70%  in  acute  toxicity  to  fish  are  listed  by  Idner 
(1987).  There  was  a  definite  reduction  of  toxicity  in  Microtox  tests,  in  which  the  toxic  concentration 
was  raised  from  4%,  for  bleach  plant  effluents  without  0^  to  33%  with  0^  pretreatment  (GermgArd 
1985),  In  the  same  research  project,  mutagenicity  of  chlorination  effluent  was  reduced  from  a 
response  level  of  600  to  levels  of  20  to  40  with  0^  delignification.  Some  comparisons  do  not  show 
such  great  advantages,  for  example  effluents  collected  from  mills  with  and  without  oxygen 
delignification  did  not  yield  clear  differences  in  toxicity  (IPK  1982).     The  laboratory  tests  of 
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bleaching  carried  out  by  Wong  (1978)  were  Inconclusive  about  toxicity  reduction  by  oxygen 
delignlficalion,  since  the  authors  state  that  much  of  the  measured  toxicity  was  caused  by  residual 
molecular  chlorine. 

In  most  cases,  mills  with  oxygen  delignification  systems  have  better  brown  stock  washing  and 
lower  losses  of  black  liquor  to  sewer  than  other  mills,  which  can  be  expected  to  contribute  to 
effluent  toxicity. 

Addition  of  an  oxygen  delignification  stage  to  a  conventional  i^ieach  plant  will  reduce  the  toxicity  of 
the  untreated  effluent  substantially,  but  the  extent  of  the  reduction  will  depend  on  several  factors. 
Since  a  well  designed  and  operated  biological  treatment  system  will  raise  the  LC^p  of  any  t>leach 
plant  effluent  to  100%,  and  the  trend  in  regulations  across  Canada  is  toward  requiring  BOD 
discharges  that  can  be  attained  only  by  the  installation  of  biological  treatment  systems,  the 
reduction  in  the  acute  lethality  achieved  by  oxygen  delignification  may  become  unimportant  In 
practice. 

Figure  32  shows  the  fibre  line  of  a  bleached  kraft  mill  flowsheet,  but  with  an  oxygen  delignification 
system  Inserted  between  the  brown  stock  screens  and  the  bleach  plant.  Equipment  which  will 
experience  higher  loading  due  to  the  oxygen  delignification  system  is  shaded. 

Some  recent  installations  have  used  two  oxygen  reactors  in  series  instead  of  one,  as  shown  in  the 
flowsheet.  This  allows  better  control  of  the  reaction  by  improving  mixing  and  allowing  the  operator 
to  monitor  the  condition  of  the  pulp  prior  to  the  second  oxygen  reactor.  The  two-stage  system  Is 
characterized  by  improved  mixing  and  reduced  channeling.  The  retention  time  is  about  20  minutes 
In  each  reactor.  One  major  vendor  of  oxygen  delignification  equipment  indicated  that  the  two- 
stage  system  would  frequently  cost  less  than  a  single  stage,  because  of  the  economies  attainable 
with  shop  fabricated  pressure  vessels  in  comparison  with  the  field  fabricated  ones  that  are  usually 
necessary  for  single  stage  systems. 

The  organic  material  removed  from  the  pulp  In  the  oxygen  delignification  stage  is  routed  to  the 
recovery  boiler  and  burned,  recovering  energy  and  chemicals  as  well  as  destroying  organic 
pollutants.  It  does  not  contain  chlorinated  organic  substances,  since  chlorine  compounds  are 
added  to  the  pulp  only  after  the  oxygen  stage  and  there  is  no  process  path  for  chlorine  used  in 
bleaching  to  reach  the  recovery  boiler. 

It  is  generally  recommended  that  the  brown  stock  be  washed  to  a  soda  loss  of  below  12  kg  sodium 
sulphate  per  tonne  to  avoid  excessive  oxygen  consumption  and  heat  generation  in  the  oxygen 
reactor,  and  washing  to  a  lower  soda  loss  value  is  desirable.  This  is  not  at  all  difficult  technically, 
but  the  costs  and  benefits  of  improved  brown  stock  washing  have  to  be  included  in  any  analysis  of 
retrofitting  an  oxygen  delignification  system  to  an  existing  mill. 
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Figure  32  Typical  kraft  mill  flowsheet  with  oxygen  delignification 
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Most  mills  which  have  installed  oxygen  dellgnification  systems  have  also  taken  steps  to  ensure  that 
the  preceding  screening  operations  operate  on  a  closed  cyde  (a  "closed  screenroom").  While  this 
Is  desirable  for  the  reduction  of  BOD  and  colour,  it  Increases  the  load  on  the  mlii's  recovery  boiler. 
Where  it  is  desired  to  use  oxygen  deltgnification  to  reduce  the  discharge  of  chlorinated  organic 
compounds,  it  Is  technically  feasible  to  operate  with  an  open  screen  room  to  reduce  the  amount  of 
organic  material  returned  to  the  recovery  boiler. 

The  economics  of  oxygen  dellgnification  are  dependent  on  local  prices  for  oxygen  relative  to 
molecular  chlorine  and  the  chemicals  for  on-site  manufacture  of  chlorine  dioxide.  The  published 
data  Indicate  that  the  operating  costs  for  bleached  kraft  mills  incorporating  oxygen  dellgnification 
stages  are  lower  than  for  the  traditional  chlorine  based  systems.  The  authors  hiave  calculated  that 
the  average  Ontario  softwood  kraft  mill  can  save  in  the  order  of  $8/tonne  pulp  In  direct  operating 
costs  by  installing  oxygen  delignification  systems,  based  on  Ontario  chemical  prices  prevailing  in 
eariy  1991^.  The  savings  wili  vary  according  to  local  cor>ditions,  and  depend  mostly  on  the  ability 
of  the  existing  bleach  plant  to  produce  satisfactory  quality  pulp.  The  chemical  savings  were 
calculated  indivkiuaiiy  when  estimating  costs  as  discussed  on  page  259  of  this  report. 
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Figure  33  Oxygen  deiignification  systems  installed  and  under  construction  (worldwide) 

Oxygen  dellgnification  is  being  used  to  produce  a  variety  of  pulp  grades,  arxi  there  are  atx)ut 
120  oxygen  deiignification  systems  operating  in  kraft  mills  around  the  worid,  with  at  least  another 
dozen  under  construction.  When  oxygen  deiignification  was  introduced  in  the  earty  1970s,  the 
regulations  pertaining  to  new  mill  construction  in  most  parts  of  the  US  and  in  Canada  were  such 
that  a  biological  treatment  system  was  necessary  to  comply  with  the  BOD  and/or  toxicity  criteria. 
The  environmental  advantage  of  using  the  oxygen  process  was  limited  to  a  modest  marginal 
reduction  in  effluent  treatment  costs.  However,  many  Scarxiinavian  mills  were  permitted  to 
operate  without  biological  treatment  systems,  provWed  that  they  installed  oxygen  delignrficatton 
stages;  so  it  was  more  economically  attractive  for  them  to  do  so  than  for  North  American  mills. 


^  Th«  catculathn  includes  chemicals,  energy  and  assumes  thai  the  mili  has  adequate  recovery  txiier  capacity  to  bum  the 
additional  blacl(  liquor  load  without  reducing  production. 
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Figure  34  Geographic  distribution  of  oxygen  delignlflcation  systems 

Oxygen  dellgnrfication  is  demonstrated  technology  that  has  been  widely  accepted,  but  is  iess 
commoniy  used  in  Canada  than  in  most  major  puip  producing  regions.  The  E.B.  Eddy  miii  at 
Espanoia  has  had  two  oxygen  deiignrfication  systems  since  before  1980,  but  remained  the  only 
one  in  Canada  until  1990.  There  are  currently  three  other  systems  running  in  Western  Canada,  and 
Malette  has  proposed  instatiation  of  an  oxygen  delignification  system  at  the  Smooth  Roci<  Falls, 
Ontario,  mill.  Oxygen  delignification  systems  are  under  construction  at  the  Cariboo  Pulp  and 
Paper  Co.  mill  in  Quesnel,  BC,  and  at  Alberta  Pacific  mill  at  Athabasca,  Alberta,  The  geographic 
distribution  of  oxygen  delignification  systems  is  shown  in  Table  20,  along  with  an  irxJication  to  the 
extent  of  the  use  of  the  process  in  each  area. 

Table  20  Geographic  distribution  of  oxygen  delignification  in  North  America 


Bleached  kraft 

capacity,  air 

dry  tonnes/day 

Location 

Oxygen 

Total 

Fraction 

delignification 

capacity 

Oxy  delig 

Alberta 

3.400 

4,300 

79% 

BC 

2,100 

14,000 

15% 

Ontario 

950 

6,300 

15% 

Total  Canada 

6,500 

31,000 

21% 

Total  US 

18,500 

68,500 

27% 

There  are  no  oxygen  detignitication  installations  in  provinces  omitted  above.  Production  data  are  from 
various  sources  including  Lockwood -Post's  directory,  oxygen  delignification  system  vendors  and  personal 
contact,  and  may  not  be  completely  consistent,  but  do  indicate  relative  status  of  installations. 

There  are  no  published  sun/eys  of  the  reasons  behind  the  installation  of  oxygen  delignification 
systems.  Personal  contact  with  several  industry  personnel  closely  involved  in  decisions  both  for 
and  against  oxygen  delignification  indicate  that  environmental  pressures,  mostly  from  regulatory 
authorities  but  also  public  opinion  and  customer  interest,  have  been  the  major  factor  leading  to 
installations.  The  authors  are  unaware  of  any  regulations  requiring  the  installation  of  this  process, 
but  personnel  in  several  regulatory  authorities  have  indicated  verbally  that  no  expansions  or  new 
bleached  kraft  mills  would  be  authorized  without  incorporation  of  oxygen  delignification.  When 
examining  the  extent  of  adoption  of  the  oxygen  delignification  process  by  various  companies,  it  is 
apparent  that  there  are  clear  corporate  preferences,  with  some  major  bleached  kraft  pulp 
producers  (Champion  International  and  Union  Camp)  using  the  process  for  virtually  alt  their 
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bleached  pulp,  and  others  not  at  all.  The  installations  include  greenfield  mills,  major  rebuilds  and 
straightforward  retrofits  in  roughly  equal  proportions. 

Concerns  have  been  expressed  by  many  pulp  producing  companies  about  the  risks  of  oxygen 
d  align  if  icat  ion  degrading  pulp  quality,  particularly  with  respect  to  strength.  Although  there  are 
substantiated  claims  that  strengths  have  been  maintained  when  oxygen  deligntfication  has  been 
used,  the  concerns  remain  and  some  companies  have  an  unwritten  but  strongly  followed  policy  of 
avoiding  the  process.  The  concerns  are  valid  where  the  mill  depends  on  excellent  strength 
properties  to  retain  Its  customers.  Some  mills  have  elected  to  install  two  stage  oxygen 
delignification  in  the  expectation  that  this  would  minimize  any  strength  loss. 

There  are  two  principal  oxygen  delignification  processes,  as  discussed  below. 

High  consistency  oxygen  delignification 

In  high  consistency  oxygen  delignification  systems  the  washed,  unbleached  pulp  is  dewatered  to 
25%  to  30%  consistency  in  a  press  and  fed  to  a  pressurized  reactor  where  gaseous  oxygen  is 
introduced.  Sodium  hydroxide  is  added  to  the  pulp  to  control  the  pH  to  about  10,  and  about 
1,4  kg  magnesium  salt  {Viscosity  protector")  per  tonne  pulp  is  also  added  to  control  the  tendency 
of  oxygen  to  attack  the  cellulose  fibres.  The  reactor  is  a  pressure  vessel  with  an  internal  fluffer 
and/or  agitator  to  disperse  the  high  consistency  pulp  to  ensure  even  contact  with  oxygen.  The 
gaseous  oxygen  is  fed  to  the  reactor  directly,  and  a  small  bleed  to  atmosphere  Is  maintained  to 
purge  air  and  small  quantities  of  carbon  monoxide.  After  discharge  from  the  reactor,  the  pulp  is 
washed,  either  on  a  drum  washer  or  a  diffusion  washer,  in  a  similar  manner  to  that  used  for  the 
unbleached  stock  from  the  digester.  The  filtrate  from  this  washing  stage  contains  about  half  of  the 
BOD,  toxic  material  and  coloured  material  which  would  be  discharged  from  a  conventional 
chlorine  ttased  bleach  plant.  A  typical  high  consistency  oxygen  delignification  system  is  shown  In 
Figure  35.  The  only  oxygen  delignification  system  operating  in  Ontario,  at  Espanola,  uses  the  high 
consistency  process. 


Vmnt 
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Figure  35  Typical  high  consistency  oxygen  delignification  system 
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Medium  consistency  oxygen  delignification 

Since  the  first  commercial  scale  high  consistency  oxygen  delignification  systems  were 
commissioned  In  the  early  1970s,  there  has  tjeen  considerat)le  evolutionary  development,  as  is 
characteristic  of  any  new  technology.  Most  of  this  has  had  little  effect  on  the  environmental 
aspects  of  the  process,  but  the  demonstration  of  the  feasibility  of  operating  the  process  at  medium 
consistency,  10%  to  15%,  is  Important  in  that  it  allows  the  construction  of  oxygen  delignification 
systems  at  lower  capital  costs  than  for  the  high  consistency  systems.  This  process  variation  is 
described  by  Markham  and  Magnotta  (1981)  and  at  the  time  of  writing  the  suppliers  of  almost  all  of 
the  operating  high  consistency  oxygen  bleaching  systems  recommend  the  medium  consistency 
approach  for  most  applications.  The  medium  consistency  process  may  now  be  considered  as  the 
most  popular  way  of  delignifying  pulp  with  oxygen.  There  have  t>een  some  recent  announcements 
of  new  high  consistency  installations,  and  engineers  involved  consider  that  the  high  consistency 
process  provides  superior  deiignification.  Future  installations  seem  likely  to  use  both  variations  of 
the  process. 

The  process  flowsheet  is  presented  In  Figure  36.  The  lines  containing  residual  organic  substances 
removed  from  the  pulp  are  shown  dashed.  The  essential  equipment  difference  is  that  the  puip  can 
be  dewatered  to  a  suitable  consistency  by  a  conventional  brown  stock  decker,  which  already 
exists  In  many  mills,  instead  of  using  a  press.  It  is  claimed  that  at  the  consistencies  used,  the  pulp 
is  less  liable  to  be  degraded  by  locally  high  oxygen  application,  and  the  potential  risk  of  fire  in  the 
reactor  Is  eliminated.  The  cost  of  magnesium  salt  for  viscosity  protection  Is  claimed  to  l^e  reduced. 


UKdum 

Cerwtctaney 

Pump 

Figure  36  Typical  medium  consistency  oxygen  delignification  system 
Washing  following  oxygen  delignification 

If  the  potential  of  the  oxygen  delignification  stage  to  reduce  the  quantity  of  chlorinated  organic 
materials  in  the  effluent  is  to  be  realized,  it  is  essential  to  minimize  the  quantity  of  organics  which 
pass  forward  to  the  subsequent  bleaching  stages  with  the  pulp.  There  has  been  a  recent  trerxJ 
toward  installing  two  washing  stages  after  the  oxygen  stage,  which  is  environmentally  desirable. 
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but  Incurs  capital  and  operating  costs.  There  are  at  least  two  mills  operating  with  three  stages  of 
washing  after  the  oxygen  delignification  stage  (Tench  1987). 

There  are  many  references  in  the  literature  to  the  need  for  "good"  washing  following  oxygen 
delignification,  but  few  data.  Stromberg  (1990)  described  a  useful  model  for  design  and  prediction 
of  the  performance  of  washing  systems.  He  stated  that  each  kilogram  COD  carried  fonA^ard  with 
the  pulp  to  the  bleaching  stages  would  require  0.4  to  0.8  kg  equivalent  chlorine.  Poor  washing 
systems  can  typically  allow  up  to  about  1 50  kg  COD  to  carry  forward.  Using  Stromberg's  estimate 
of  equivalent  chlorine  demand,  and  the  AOX  prediction  procedure  discussed  on  page  129  one  can 
estimate  that  this  would  add  in  the  order  of  6  kg  AOX  to  the  effluent  discharge.  In  the  authors' 
experience,  such  poor  washing  is  rare  to-day,  but  was  not  uncommon  in  the  past.  All  of  the 
Ontario  kraft  mills  report  saltcake  losses  under  30  kg/tonne  pulp,  and  most  report  under  10 
kg/tonne,  Indicating  moderately  good  to  excellent  washing.  It  is  technically  feasible  to  limit  the 
quantity  of  organics  carried  fonward  to  the  subsequent  bleaching  process  to  under  10  kg  COD  per 
tonne  pulp,  and  this  is  a  common  design  basis  for  new  installations.  The  known  saltcake  losses 
from  Ontario  mill  washing  systems  indicate  that  COD  carried  fonward  probably  ranges  from  about 
10  to  40  kg/tonne  pulp.  The  alternative  technology  trains  discussed  on  page  243  include 
Improved  brown  stock  washing  equipment  where  existing  losses  are  high. 

Figure  32  shows  a  kraft  mill,  but  with  an  oxygen  delignification  system  installed.  Conventional 
practice  would  be  to  install  two  post  oxygen  washers,  and  recirculate  the  filtrate  as  shown. 
However,  if  the  filtrate  from  the  second  post  oxygen  washer  is  sewered  directly,  arxJ  fresh  water 
used  as  shower  water  on  the  first  washer,  then  the  flow  of  organics  into  the  first  bleaching  stage 
would  be  reduced  by  about  half,  at  the  cost  of  some  increase  in  mill  effluent  BOD,  and  reduction  in 
bleach  chemical  cost.  This  Is  not  practiced  in  any  mill  known  to  the  authors,  at  present,  but  is 
under  study,  and  sen/es  to  illustrate  one  of  the  classic  chemical  engineering  trade-offs  that  have 
not  yet  been  optimized  in  current  systems.  Further  improvements  will  no  doubt  emerge  as 
engineering  experience  is  gained  in  minimizing  organochlorine  discharges. 

5.1.8  Bleaching  following  oxygen  delignification 

The  most  commonly  used  sequence  is  OCfjEDED,  where  about  half  of  the  total  delignification  is 
accomplished  in  the  oxygen  stage,  resulting  in  50%  of  the  BOD  and  at  least  60%  of  the  colour  and 
toxic  material  in  the  effluent  being  recycled  to  the  recovery  furnace.  Where  the  C^  stage  utilizes 
chlorine  dioxide  substitution  over  about  20%,  the  effluent  colour  and  toxicity  are  reported  to  be 
further  decreased.  Recent  trends  have  been  towards  high  substitution,  with  100%  substitution 
being  practiced  In  many  mills,  at  least  on  selected  pulping  grades. 

Other  simplified  sequences  have  been  proposed,  such  as  ODqEqD  where  the  E-stage  uses 
alkali/oxygen  extraction  as  mentioned  previously.  Such  "short"  sequences  generally  have  lower 
capital  costs  and  lower  effluent  flows  than  the  conventional  sequences.  They  are  being  used 
increasingly  in  new  and  re-built  bleach  plants.  Further  operating  experience  is  required  to 
demonstrate  whether  or  not  they  will  be  commercially  successful.  The  potential  of  using  short 
sequences  in  some  Ontario  mills  appears  good,  and  could  result  in  relatively  low  cost  oxygen 
delignification  systems  since  redundant  washers  etc  could  be  used,  The  authors  dkl  not  consider 
that  there  was  sufficient  information  available  to  apply  these  short  sequences  in  the  alternative 
technology  trains  discussed  on  page  243. 
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In  the  eariy  1970s,  it  was  proposed  to  use  ozone  to  further  delignify  oxygen  delignrfied  pulp. 
Extensive  research  and  development  has  led  to  one  ozone  dellgnlflcation  systenn  now  being  under 
construction,  and  several  companies,  including  E.B.  Eddy  at  Espanola,  are  Investigating  ozone 
delignlfication  on  pilot-plant  scale.  Refer  to  Chapter  6  for  further  discussion. 

The  filtrates  from  washing  after  the  first  chlorlnation  (Cj  or  D)  stage  contain  chlorides  so  It  is 
impractical  to  recycle  these  effluents  to  the  recovery  furnace  along  with  the  oxygen  stage  filtrates. 

5.1.9  Peroxide  and  peroxide  enhanced  extraction 

The  addition  of  hydrogen  peroxide  to  the  Eq  stage  of  the  standard  bleach  plant  (Icnown  as  Eqq) 
enables  a  mill  to  decrease  the  quantity  of  molecular  chlorine  applied  to  the  pulp  and  also  permits  a 
reduction  in  chlorine  dioxide  use  in  the  later  bleach  stages.  The  chlorine  dioxide  capacity  which  is 
released,  can  be  utilized  to  increase  the  level  of  chlorine  dioxide  substitution  in  the  chlorlnation 
stage.  This  will  assist  in  moving  the  bleaching  process  into  the  well  known  dioxin  "non  detect" 
zone.  There  is  also  a  significant  (25%)  reduction  in  AOX  measured  in  the  untreated  effluent 
(Reid  1991). 

Eqp  is  a  short  term  cost  effective  method  of  reducing  2,3,7.8  TCDD  and  AOX  discharges  without 
increasing  the  chlorine  dioxide  generator  capacity.  Peroxide  may  also  be  used  in  the  absence  of 
Eq  and  similar  environmental  benefits  obtained,  however,  this  method  is  less  cost  effective  than 
with  Eq,  and  is  rarely  practiced.. 

This  technology  was  not  used  in  any  of  the  alternative  technology  trains  discussed  in  this  report, 
since  it  is  generally  intermediate  between  trains  2  and  3  or  trains  2  and  4.  It  is  mentioned  here 
primarily  to  demonstrate  that  there  are  alternative  means  of  reducing  AOX  discharges. 

Eqp  enhances  the  benefits  mentioned  on  page  78  concerning  alkali/oxygen  extraction. 

Hydrogen  peroxkJe  can  also  be  used  in  bleaching  sequences  aimed  at  eliminating  molecular 
chlorine,  and  toxicity  of  the  wastewater  is  similar  to  or  somewhat  less  than  toxicity  from 
conventional  chlorine  bleaching.  There  are  other  advantages  since  in  some  cases  the  effluents 
from  peroxide  and  acid  pretreatment  stages  can  be  recycled  back  to  the  recovery  system, 
achieving  reductions  of  90%  in  colour,  40%  in  BOD,  and  finally,  no  chlorinated  organic  substances 
(Dugal  1981).  Refer  also  to  discussions  of  the  L/gnox  process  in  Chapters. 

The  relatively  high  cost  of  hydrogen  peroxide  (on  an  oxidizing  equivalent  basis)  has  been  a  major 
impediment  to  its  use  in  the  past,  but  prices  have  dropped  somewhat  relative  to  other  bleaching 
chemicals,  and  greater  use  of  peroxide  can  be  expected. 
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5.1.10  Substitution  of  molecular  chlorine  with  chlorine  dioxide 


SUMMARY  Chlorine  dioxide  can  be  used  in  place  of  the  molecular  chlorine  normally  used  to 
bleach  pulp.  This  practice  improves  effluent  and  pulp  quality.  For  most  mills  it  is  the  simplest, 
most  widely  demonstrated  and  lowest  capital  cost  approach  for  reducing  organochlorines,  but 
does  not  reduce  BOD,  or  wood  extractives.  Relative  to  a  mill  with  neither  oxygen  delignification 
nor  chlorine  dioxide  substitution,  the  latter  can  reduce  organochlorine  discharges  by  up  to 
approximately  70%,  if  all  of  the  molecular  chlorine  is  replaced;  oxygen  delignification  alone  would 
achieve  about  40%  reduction  in  the  same  mill. 


Chlorine  dioxide  is  used  increasingly  to  replace  the  traditional  molecular  chlorine  In  the  first 
(chlorination)  stage  of  the  bleach  plant.  In  the  past  the  advantages  were  mostly  concerned  with 
improvements  In  pulp  quality,  but  since  1  kg  of  chlorine  dioxide  can  replace  approximately  2.63  kg 
molecular  chlorine,  there  is  a  net  reduction  in  the  amount  of  chlorine  used,  and  a  reduction  in 
discharges  of  organochlorines.  The  principal  driving  force  to  increased  substitution  is  AOX  and 
PCDD/PCDF  reductions,  but  the  advantages  in  pulp  quality  remain. 

Chlorine  dioxide  substitution  is  defined  as  the  percentage  of  "equivalent  chlorine"  or  "active 
chlorine"  used  In  the  form  of  chlorine  dioxide  in  the  chlorination  stage.  For  example,  a  bleach 
plant  which  does  not  practice  chlorine  dioxide  substitution  may  use  60  kg  of  molecular  chlorine  in 
the  first  chlorination  stage  per  tonne  pulp  produced.  If  it  is  converted  to  30%  substitution,  then  the 
molecular  chlorine  charge  could  drop  to  42  kg/tonne  pulp,  augmented  by  6.84  kg/tonne  chlorine 
dioxide.  The  foregoing  example  assumes  a  constant  replacement  factor  of  2.63,  which  is  common 
practice  for  rapid  calculations.  However,  many  authors,  including  du  Manoir  (1982)  have  shown 
that  delignification  efficiency  improves  as  the  degree  of  substitution  increases,  up  to  about  50% 
substitution.  Pryke  {1988)  and  other  authors  have  concluded  that  the  efficiency  drops  as 
substitution  Is  increased  substantially  above  50%. 

Figure  23  on  page  129  shows  the  effect  of  substituting  up  to  100%  of  the  molecular  chiorine  in  a 
typical  softwood  bleach  plant  on  organochlorine  discharge.  The  bleaching  chemical  requirements 
for  various  degrees  of  chlorine  dioxide  substitution  are  shown  in  the  curves  presented  by  Mannisto 
(1991),  and  reproduced  in  Figure  12  on  page  78. 

Softwood  kraft  was  bleached  with  100%  chlorine  dioxide  substitution  at  the  Cantor,  Prince  George 
mill  In  1976,  because  of  a  temporary  shortage  of  molecular  chlorine.  However,  this  high  level  of 
substitution  was  not  attempted  by  mills  on  a  wide  scale  prior  to  the  increase  in  public  concern  and 
regulatory  authority  pressure  in  the  late  1980s.  Many  North  American  mills  have  run  successful 
trials  with  production  quantities  of  pulp  bleached  with  100%  chlorine  dioxide^^  in  the  former 
chlorination  stage,  and  approximately  90  of  the  150  bleach  pulp  mills  in  North  America  now  have 
the  necessary  chlorine  dioxide  generation  capacity  to  do  so  regularly.  Approximately  45  mills  have 
current  projects  to  install  the  necessary  generating  capacity,  or  to  reduce  the  incoming  Kappa 
number  of  the  pulp  by  some  form  of  extended  delignification,  so  that  they  will  be  capable  of 
replacing  all  molecular  chlorine  with  chlorine  dioxide.    Several  authors  at  the  May  1991  CPPA 


^  Many  mills  can  run  sfto/T  term  trials  at  much  higher  thart  normal  chlorine  dioxide  substitution  levels  by  shutting  down 
one  bleach  tine  where  two  exist,  or  by  drawing  down  inventory  for  several  hours.  Most  mills  require  installation  of 
additional  chlorine  dioxide  generation  capacity  to  sustain  substitution  levels  approaching  100%. 
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technical    section    meeting    (including   Andrews)    reported    mills   to    be   manufacturing    100% 

substitution  bleach  pulp  routinely. 

Substitution  up  to  about  50%  generally  has  little  impact  on  chemical  costs,  but  higher  levels  can 
increase  costs  markedly. 

The  technology  and  equipment  required  to  modify  and  operate  bleach  plants  at  high  chlorine 
dioxide  substitution  have  been  quite  well  known  for  over  ten  years,  but  research  and  development 
has  intensified  over  the  last  few  years. 

The  capital  installation  required  to  increase  chlorine  dioxide  usage  depends  mostly  on  the 
capacity  of  the  mill's  existing  chlorine  dioxide  generator.  Extensive  improvements  in  process 
control  are  usually  necessary  and  improved  chlorine  dioxide/pulp  mixing  equipment  is  often 
required.  Other  modifications  required  to  the  bleach  plant  equipment  itself  are  minor  or  nil. 

Chlorine  dioxide  is  an  unstable  chemical  which  cannot  be  transported  effectively,  so  all  mills 
prepare  it  on  site  as  discussed  on  page  88.  Several  Ontario  mills  would  have  to  install  additional 
chlorine  dioxide  generating  capacity  to  substitute  more  molecular  chlorine  with  chlorine  dioxWe  to 
minimize  discharges  of  organochlorines.  Refer  to  Table  1 2  on  page  91 . 

All  the  current  chlorine  dioxide  processes  affect  the  overall  mill  chemical  balance  because  they 
produce  inorganic  by-product  streams  which  consist  of  sodium  and  sulphur  in  various  forms, 
primarily  of  sodium  sulphate  and  sulphuric  acid.  In  mills  using  low  chlorine  dioxide  substitution  in 
the  bleach  plant,  the  quantities  of  chlorine  dioxide  required  are  such  that  all  these  by-products  can 
be  used  for  make-up  to  the  pulping  chemical  cycle.  They  are  added  to  the  black  liquor  feed  to  the 
recovery  boiler  as  shown  in  Figure  1 1  on  page  73. 

However,  when  high  chlorine  dioxide  substitution  is  used,  it  may  be  impossible  to  use  all  of  the 
by-products.  Although  it  is  conceptually  possible  to  sell  the  excess  by-products,  this  is  rarely 
done,  due  to  various  practical  difficulties,  so  they  are  discharged  to  the  sewer.  The  authors  do  not 
consider  the  discharge  of  unusable  chlorine  dioxide  generator  by-products  (sodium  sulphate  and 
sulphuric  acid)  to  be  of  any  environmental  significance.  However,  the  fact  that  the  mill  cannot  take 
credit  for  these  chemicals  raises  the  effective  cost  of  chlorine  dioxide,  which  is  reflected  in  the 
estimated  cost  of  the  latter  that  was  used  in  this  report.  In  recent  years,  the  trend  is  towards  new 
chlorine  dioxide  generation  processes  that  discharge  reduced  amounts  of  unusable  by-products. 

There  are  a  number  of  ways  of  expanding  the  capacity  of  the  on-site  chlorine  dioxide  plants  and 
the  technology  is  well  known  and  available  from  several  competing  suppliers.  Gray  (1987) 
summarizes  current  options,  and  includes  the  relevant  chemical  balances  and  costs. 

Chlorate  discharges 

When  pulp  is  bleached  with  chlorine  dioxide  a  certain  amount  of  the  chlorine  dioxide  is 
transformed  back  into  chlorate  (GermgSrd  1981).  Chlorate  has  previously  been  used  as  a  herbicide 
(Irensee  1973),  and  serious  effects  was  reported  in  the  receiving  water  at  the  outfall  of  the 
MonsterSs  mill  in  Sweden  when  they  converted  the  bleaching  process  to  high  chlorine  dioxWe 
substitution  in  the  early  1980s  (Rosmarin  1985).  Higher  algae  were  killed  in  a  12  km^  area  of  the 
receiving  waters  with  serious  effects  on  the  functioning  of  the  whole  ecosystem.  Several  studies  in 
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the  laboratory,  In  the  field,  or  in  model  ecosystems,  showed  that  effects  upon  the  bladder-wrack 
were  conclusively  connected  to  this  one  specific  substance  (Foike  1991). 

At  M6n$terSs,  this  problem  was  minimized  by  changing  the  first  bleaching  stage  so  that  83%  of  all 
the  chlorine  dioxide  was  added  prior  to  the  molecular  chlorine  (Djj,  C70D5).  This  reduced  the 
chlorate  discharge  from  about  6  kg/tgo  to  about  3  kg/ADt. 

Chlorate  will  be  eliminated  in  a  biological  treatment  plant  provkjed  there  Is  an  anoxic  zone  in  the 
design.  This  is  normally  the  case  using  ASB,  but  activated  sludge  systems  will  not  necessarily 
eliminate  chlorate,  unless  they  are  designed  for  biological  nitrogen  removal,  which  is  rare  in  the 
pulp  and  paper  IrKJustry. 

At  the  MonsterSs  mill,  an  aerated  stabilization  basin  was  installed  which  degraded  the  remaining 
chlorate  to  below  the  detection  limit  (<0.05  kg/tgo).  '*  's  believed  tfiat  anoxic  conditions  are 
required  in  a  biological  treatment  system  to  ensure  effective  reduction  of  chlorate  to  chlorWe,  and 
concerns  have  been  expressed  that  activated  sludge  systems  may  not  be  capable  of  controlling 
chlorate  emissions,  unless  they  are  designed  for  denitrification.  GermgSrd  (1989)  discusses  this 
subject  further. 

Fresh  water  ecosystems  that  are  not  growth  limited  in  nitrogen  nutrients  appear  to  be  less 
vulnerable  to  chlorate  than  brackish  waters.  The  reason  is  that  chlorate  and  nitrate  have  similar 
molecular  shapes  ar>d  that  plants  mistake  them  which  gives  a  lethal  effect  when  nitrate 
concentrations  are  low.  However,  the  chlorate  problem  should  be  an  environmental  concern  that 
needs  proper  assessment  when  evaluating  100%  chlorine  dioxide  bleaching. 

5.1.11  Combination  of  oxygen  and  chlorine  dioxide  for  reduction  of  AOX 

The  individual  technologies  and  environmental  effects  of  oxygen  delignification  are  discussed  in 
the  section  on  oxygen  delignification  on  page  166,  and  substitution  of  chlorine  dioxkJe  for 
molecular  chlorine  in  the  chlorination  stage  of  the  bleach  plant  is  discussed  on  page  1 75.  Both 
technologies  can  be  used  simultaneously. 

Oxygen  delignification  has  been  in  commercial  use  for  20  years  and  has  been  used  successfully 
since  the  late  1970s  by  the  E.B.  Eddy  mill  at  Espanola. 

High  substitution  of  chlorine  dioxide  has  been  in  operation  for  ten  years  or  more,  and  is  used 
increasingly  around  the  world.  Pryke  mentioned  in  his  presentation  to  the  CPPA  Annual  Meeting 
(1988)  that  4.5  million  tonnes  pulp  per  year  were  bleached  using  high  substitution,  ar>d  that  this 
would  increase  by  almost  50%  during  1988,  presuming  that  all  mill  modifications  currently 
announced  are  completed  on  schedule. 

Norstrom  (1987)  states  that  oxygen  delignification  is  the  obvious  and  most  efficient  first  step,  if  one 
wishes  to  reduce  the  discharge  of  organochlorines,  and  Swedish  literature  in  general  follows  this 
philosophy.  The  authors  agree  that  this  is  probably  true  for  a  new  mill,  or  one  where  there  is  an 
unusually  good  opportunity  to  install  the  oxygen  delignification  systems  at  low  cost  because  it  will 
eliminate  the  need  for  some  other  major  investment  in  the  bleach  plant. 
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However,  in  the  case  of  existing  mills  where  BOD,  colour  or  reduction  of  wood  extractives  is  not  of 
prime  concern,  there  are  a  number  of  advantages  in  considering  high  substitution  of  cWorine 
dioxide,  as  the  logical  first  step,  since  it  can  reduce  organochlorine  discharges  by  up  to  80%. 
depending  on  the  current  substitution  level.  The  principal  advantage  is  that  substituting  chlorine 
dioxide  for  oxygen  does  not  increase  the  load  on  the  recovery  boiler,  which  is  critical  In  some  mHls. 
although  of  minor  importance  In  others. 

The  effects  of  these  two  process  modifications  are  additive,  as  shown  in  Figure  23  on  page  129. 
This  is  based  on  a  typical  softwood  kraft  mill,  and  shows  the  effect  of  substituting  various  amounts 
of  chlorine  dioxide  for  molecular  chlorine  in  the  chiorlnatlon  stage.  The  curve  for  oxygen 
delignlficatlon  shown  assumes  that  45%  of  the  llgnin  In  the  washed  brown  stock  would  be  removed 
by  the  oxygen  stage. 

5.1.12  Chlorine  free  bleaching 

The  term  "chlorine  free  bleaching"  has  become  quite  widely  used  over  the  past  few  years,  but  is 
sometimes  rather  loosely  defined.  According  to  Smook  (1990).  "chlorine  free"  implies  that  neither 
molecular  chlorine  nor  chlorine  compounds  are  used  in  bleaching.  This  is  the  only  pulp  and  paper 
industry  textbook  in  which  the  authors  were  able  to  find  the  term.  Many  buyers  and  vendors  of 
bleached  kraft  pulp  use  the  term  "chlorine  free"  to  imply  that  no  gaseous,  or  molecular  chlorine  is 
used,  although  chlorine  compounds  such  as  sodium  hypochlorite  or  chlorine  dloxWe  may  be,  and 
normally  are,  used.  This  report  uses  only  the  terms  "molecular  chlorine  free"  or  "chlorine 
compound  free"  (Refer  to  the  Glossary  for  the  definition). 

Molecular  chlorine  free  bleaching  has  been  practiced  by  many  mills  in  North  America  over  the  past 
two  years,  mostly  for  short  trial  periods,  and  it  is  clear  that  molecular  chlorine  free  bleaching  is 
rapkJIy  becoming  common  practice,  and  is  widely  consklered  to  be  technically  feasible  for  all,  or 
almost  all,  kraft  pulps  including  high  quality  market  grades. 

The  normal  approach  is  to  carry  the  concept  of  high  chlorine  dioxide  substitution  to  its  limit,  by 
replacing  ail  gaseous  molecular  chlorine  with  chlorine  dioxkle,  and  eliminating  any  hypochlorite 
bleaching  stages  that  exist.  Oxygen  delignlfication  and/or  extended  cooking  may  be  implemented 
upstream  of  the  bleach  plant  to  reduce  the  Kappa  number  of  the  pulp  and  hence  the  quantity  of 
chlorine  dioxide  used. 

Chlorine  dioxide  must  be  manufactured  at  the  mill  site,  and  cannot  be  purchased  on  the  open 
market.  Some  mills  fiave  sufficient  chlorine  dioxide  generating  capacity  to  substitute  chlorine 
dioxide  for  100%  of  the  molecular  chlorine  used  in  the  first  ("chlorination")  stage  of  their  bleach 
plants  and  others  are  currently  installing  the  necessary  equipment.  Refer  to  the  discussion  on 
page  91. 

5.1.13  Control  of  chloroform  formation 

Chloroform  is  produced  when  kraft  pulp  is  bleached  with  molecular  chlorine,  and  bleach  plants 
which  use  sodium  or  calcium  hypochlorite  ("hypo")  produce  in  the  order  of  10  times  as  much 
chloroform  as  those  which  do  not  use  hypo  (Crawford  1987). 
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Up  to  20%  of  the  chloroform  produced  in  bleacheries  using  hypo  is  formed  in  the  chlorination 
stage  (Crawford  1987),  particularly  where  an  unusually  large  amount  of  molecular  chlorine  Is  used 
relative  to  the  Kappa  number  of  the  incoming  pulp,  in  order  to  compensate  for  inadequate 
equipment.  Some  of  this  chloroform  is  discharged  with  the  caustic  extraction  ("E-stage")  filtrate 
(Refer  to  Figure  1 1  on  page  73). 

Hypo  bleaching  stages  were  installed  immediately  downstream  of  the  first  E-stage*"  in  many  bleach 
plants  designed  before  1970,  but  have  rarely  been  installed  In  recent  years. 

Crawford  summarized  the  technology  available  for  control  of  chloroform  formation.  Reduction,  or 
elimination,  of  hypo  usage  is  the  principal  approach.  In  many  mills  this  would  require  the 
installation  of  an  additional  chlorine  dioxide  stage  (tower,  washer  and  auxiliaries)  and  conversion  of 
the  former  hypo  stage  to  a  second  E-stage.  Where  the  mill  uses  the  CEHDED  bleaching 
sequence,  it  Is  normally  possible  to  simply  abandon  the  hypo  stage  arxi  adjust  the  chemical 
dosages.  The  introduction  of  alkali-oxygen  extraction  discussed  in  Section  3.7.5  has  created 
opportunities  to  produce  high  quality  pulp  without  hypo. 

5.1.14  Controlling  PCDD/PCDF  formation  at  source  (kraft  mills) 

In  bleached  kraft  mills,  PCDD/PCDF  belongs  to  the  0.1%  of  the  AOX  which  is  environmentally 
significant  and  can  be  described  as  polychlorinated  materials  (Berry  1989,  1991,  Fleming  1990, 
Foike  1989,  1990,  1991).  PCDD/PCDF's  produced  in  pulp  bleaching  processes  are  now  believed 
to  originate  from  chlorination  of  precursor  dibenzodioxin  and  dibenzofuran  contaminants  of 
unbleached  pulp  in  the  C-stage  (Voss  1988).  Two  internal  strategies  could  thus  be  used  to  control 
their  formation  (Berry  1991): 

Pre-bleaching  technologies;  those  which  lower  the  incoming  Kappa  numlaer 
Bleaching  technologies:  those  which  reduce  the  concentration  of  molecular  chlorine 
necessary  for  bleaching 

Although  a  decrease  in  the  incoming  Kappa  number  will  reduce  the  overall  amount  of  AOX  that  can 
be  formed,  seemingly,  the  incoming  pulp  Kappa  number  is  not  a  significant  variable  to  reduce 
high-chlorinated  materials  such  as  PCDD/PCDFs.  Defoamers  contaminated  by  DBD/DBF  and 
wood  chips  derived  from  lumber  that  has  been  treated  with  polychlorophenols  have  been  Identified 
as  sources  for  precursors  (Berry  1991),  and  so  has  compression  wood  in  that  unchlorinated  DBD 
and  DBF  were  found  to  be  built  into  the  lignin  structure  (Hrutfiord  1990). 

Chlorine  dioxide  substitution  has  been  found  to  reduce  PCDD/PCDFs  levels,  especially  if  chlorine 
Is  added  first,  as  MonsterSs.  Sweden  practices.  The  pulp  quality  and  economics  of  chlorine 
dioxkJe  substitution  are  not  favoured  when  CIO2  is  added  ahead  of  chlorine. 


59  Figum  1 1  does  not  show  a  hypo  stage. 
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Figure  37  Formation  and  avoidance  of  dioxin 


Figure  37  shows  the  Paprlcan's  strategy  for  avoiding  dioxin  formation  during  chlorinatlon,  based 
on  practical  mill  observations.  Bleaching  with  minimal  PCDD/PCDF  formation,  and  TCDD  below 
detectable  concentrations,  can  be  achieved  by  a  chlorine  multiple  at  or  below  0.17  without  chlorine 
dioxide  substitution  or  by  increasing  substitution  to  move  to  higher  chlorine  multiples  (if  chlorine 
dioxide  is  added  after  or  simultaneously  with  chlorine).  Using  simultaneous  addition  and  a  total 
available  chlorine  charge  of  (0.22  x  Kappa  number)%  on  pulp,  at  least  35%  substitution  must  be 
used  in  the  formation  and  avoidance  of  dioxin.  Thus  it  is  not  necessary  to  eliminate  chlorine  from 
the  bleach  plant  to  control  PCDD/PCDF  formation. 

Chemically  assisted  coagulation  after  biological  treatment  can  eliminate  detectable  concentrations 
of  PCDD/PCDF  (Amendola  1989),  although  this  merely  transfers  the  problem  to  solid  waste  and  is 
thus  not  normally  environmentally  satisfactory.  So  this  approach  has  not  been  further  considered 
in  this  report. 

5.1.15  Papricycle 


Several  of  the  process  modifications  to  reduce  organochlorine  disctiarges  at  source  tend  to 
cause  an  imbalance  in  the  chlor-alkali  demand.  The  Papricycle  process  offers  an  effective,  partial 
solution. 


The  Papricycle  process  is  a  variation  of  filtrate  recycling  in  the  bleach  plant.  The  principle  is  to 
Install  an  additional  washer  between  the  chlorination  stage  and  the  first  caustic  extraction  stage, 
using  filtrate  from  the  caustic  extraction  washer,  recovering  some  of  the  chemical  value  in  it.  The 
requirement  for  fresh  caustic  at  the  caustic  extraction  tower  is  reduced. 
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The  process  was  developed  by  the  Pulp  and  Paper  Research  Institute  of  Canada  (PAPRICAN)  in 
the  mid  1980s.  Berry  (1988)  described  the  process  and  reported  laboratory  results  that  irxJicated  a 
one-third  reduction  in  caustic  required  at  the  first  extraction  stage.  Down  stream  chemical 
consumption  is  unchanged.  Personal  communication  with  Dr.  Berry  In  early  1991  irxJIcated  that 
there  are  approximately  six  mill  Installations  with  the  Papricycle  process  modification  operating. 
BerrxJt  (1990)  described  installations  in  two  bleach  tines  in  the  Weyerhaeuser,  Kamloops,  BC  mill 
and  reported  caustic  savings  of  36%  in  one  line  and  "over  30%"  in  the  other,  as  well  as  some 
further  indirect  savings  in  chemical  costs.  One  of  the  authors  visited  the  Kimberly-Qark  mill  at 
Terrace  Bay,  Ontario  and  was  advised  by  mill  staff  that  the  Installation  had  achieved  the  savings  in 
caustic  predicted  in  the  literature. 

The  Papricycle  process  is  considered  by  the  authors  to  be  demonstrated  technology  and  has 
clearly  gained  acceptance  In  the  industry.  It  is  mentioned  in  this  report  only  as  a  solution  to  the 
caustic  balance  problem,  since  it  does  not  effect  effluents  directly  to  any  significant  extent. 

Two  recent  technical  devdopments  have  facilitated  the  implementation  of  the  Papricycle. 
Increased  use  of  chlorine  dioxide  to  reduce  discharges  of  organochlorines,  including 
PCDD/PCDF,  has  rendered  many  hypochlorite  (H)  bleaching  stages  redundant.  Also,  several  mills 
are  replacing  the  second  caustic  extraction  stage,  between  the  D,  and  D^  stages,  by  simple  pH 
adjustment  with  caustic  with  neither  washer  nor  reaction  vessel. 

The  capital  cost  depends  on  the  availability  of  a  redundant  washer  and  reaction  vessel.  The 
authors  are  not  aware  of  any  installations  with  completely  new  equipment.  Berndt  (1990)  reported 
a  capital  cost  of  $2.1  million  (presumably  in  1989  dollars),  and  It  is  believed  that  other  installations 
cost  under  $3  million. 

If  a  new  washer  is  required  then  the  return  on  investment  remains  positive  according  to  Berry  and 
Fleming,  but  costs  would  be  substantially  higher. 

5.1.16  Mass  and  energy  balances  for  model  mill 


Most  of  the  possible  modifications  to  the  kraft  pulping  and  bleaching  process  which  can  be  used 
to  reduce  discharges  of  pollutants  at  source  have  effects  on  the  overall  mill  operation.  It  is 
essential  to  consider  their  effects  on  the  overall  mill  mass  and  energy  balances  to  predict  their 
technical  feasibility  and  probable  costs.  Omitting  this  essential  engineering  step  has  led  to  many 
failures  in  applying  successful  laboratory  and  pilot  plant  technology  to  full  scale  operations.  If  the 
overall  effect  of  any  change  on  the  mass  balance  is  not  known,  it  is  impossible  to  be  sure  that  a 
process  modification  to  solve  one  problem  is  not  creating  a  greater  environmental  problem 
elsewhere. 


The  authors  calculated  a  detailed  mass  and  energy  balance  for  a  model  mill  that  is  typical  of  the 
more  modern  bleached  kraft  lines  in  Ontario.  The  balance,  shown  in  Table  21,  was  repeated  for 
conditions  corresponding  to  each  of  the  five  alternative  technology  trains  discussed  on  page  241 . 
These  balances  were  used  to  assist  in  carrying  out  the  less  rigorous  but  more  mill  specific 
calculations  that  were  performed  for  each  Individual  mill  to  predict  effluent  characteristics  arxj  to 
serve  as  the  basis  for  the  capital  and  operating  cost  estimates. 
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Table  21  Mass  balance  for  a  generic  kraft  mill 

Base 
Case 

70% 
sub 

100%       Oxy        MCC     Oxy  Delig 
sub       Delig                     -i-MCC 

Train— > 

K1 

K2            K3           K4             K5 

Bleached  production  ADt/day  1 ,000  1 .000  1 .000  1 ,000  1 ,000  1 ,000 

Chip  feed  ODt/day  2,447  2.447  2,447  2,450  2,449  2.602 

Additional  wood  kg/tonne  0.0  0.0  3.0  2.0  1 55.0 

Knot  and  screen  rejects  %  2.5  2.5  2.5  2.5  0.5  0.5 

Digester  yield  %  45.3  45.3  45.3  45.3  43.2  43.2 

Oj  delign  shrinkage  %  n/a  n/a  n/a  2.7  n/a  5.8 

Bleach  plant  shrinkage  %  7.5  7.5  7.5  5.0  5.0  5.0 

Overall  yield  %  40.9  40.9  40.9  40.8  40.8  38.4 

Brown  stock  washer  2.8  2.8  2.8  2.8  2.8  2.8 
dilution  factor 

Salt  cake  loss  kg/tonne  2.7  2.7  2.7  5.1  2.6  5.2 

Carryover  organlcs  kg/tonne  0.4  0.4  0.4  1 .3  0.3  2. 1 

Cj  Clj  substitution  kg/tonne  20.7  53.6  56.0  30.0  29.0  19.0 

ClOj  substitution  %  57.0  70.0  100.0  100.0  100.0  100.0 

Total  equivalent  CI  kg/tonne  95.7  98.6  101.0  81.0  71.0  65.0 

Total  liquor  Cl/Kappa  ratio  3.3  3.4  3.5  4.5  4.7  6.5 

Total  oxidizing  eq.  ratio  106  109  111  123  81  101 

Acid  sewer  cu  m/tonne  38.8  39.2  40.1  38.4  38.1  37.7 

Alkaline  sewer  cu  m/tonne  18.5  18.5  18.5  18.4  18.4  18.4 

Weak  black  liquor  solids  %  16.7  16.7  16.7  16.8  17.0  17.5 

Strong  black  liquor  (62%)  kg/min  1 ,245  1 ,245  1 ,245  1 ,300  1 ,284  1 ,438 

Strong  black  liquor  HHV  Kcal/kg  3,808  3,808  3,808  3,756  3.837  3,800 

Boiler  heat  input  GJ/day                28.583  28.583  28,583  29,438  29.703  32.945 

Boiler  heat  Input  change  from  base  case  0.0%  0.0%  3.0%  3.9%  15.3% 

Steam  generation  tonne/hr  309  309  309  319  324  361 

Steam  generation  t/tonne  pulp  7.4  7.4  7.4  7.7  7.8  8.7 

Additional  steam  t/tonne  pulp  0.0  0.0  0.2  0.4  1.2 

Slaker  feed  (solids)  kg/tonne  993  993  993  1,030  999  1,094 

Kiln  Feed  (soikJs) kg/tonne 565  565  565  594  570 632 

All  continuous  digesters.  These  balances  do  NOT  use  anthraquinon©  to  modify  pulping  yietd. 

5.1.17  Caustic/chlorine  balance 

Until  very  recently  Sodium  hydroxide  (caustic)  had  to  be  produced  in  a  fixed  ratio  to  molecular 
chlorine  by  all  the  processes  in  use  on  an  industrial  scale.  The  pulp  industry  normally  purchases 
these  two  chemicals  in  stoichiometric  ratio  (commonly  known  as  "ECU  "  or  Electro-Chemical  Unit). 

Oxygen  delign  if  ication  processes  use  sodium  hydroxide  but  no  molecular  chlorine,  and  increased 
use  of  chlorine  dioxide  substitution  reduces  molecular  chlorine  consumption  to  a  greater  extent 
than  caustic  as  a  result.  The  industry  faces  a  major  change  in  caustic  supply  conditions. 
Concerns  have  frequently  been  expressed  over  the  20  years  since  oxygen  del ignif ication  and  high 
chlorine  dioxide  substitution  became  demonstrated  technology  that  it  could  become  impossible  to 
operate  a  high  proportion  of  bleached  kraft  mills  with  these  "low  pollution"  technologies. 
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However,  combinations  of  technical  developments  and  market  forces  are  providing  soiutions.  One 
is  for  mills  using  oxygen  delignffication  to  use  oxidized  white  liquor  as  ali<ali  supply  to  the  oxygen 
stage,  as  shown  In  Figure  32  on  page  168.  This  is  universal  practice  in  existing  installations,  but 
does  Impose  an  additional  load  of  approximately  5%  on  the  mill's  recaustlclzing/lime  kiln  cyde. 
also  shown  In  Figure  32.  Other  solutions  include  the  Papricycle  process  mentioned  on  page  180. 
or  replacement  of  sodium  hydroxide  make-up  In  the  pulping  cycle  with  sodium  cartx)nate.  The 
laner  practice  is  not  uncommon  (Berndt  1990).  Lindberg  indicated  that  the  break-even  cost  for 
changing  from  caustic  to  sodium  cartxinate  occurred  In  one  US  mill  when  the  caustic  price  rose  to 
US$315/tonne,  while  the  sodium  cartxinate  price  was  US$150/tonne. 

Three  major  chemical  supply  companies  (FMC,  Tenneco  and  General  Dynamics)  have  recently 
commenced  production  of  sodium  hydroxide  by  causticising  sodium  carbonate,  using  a  process 
which  is  essentially  the  kraft  pulp  lime  klln/recaust  loop  shown  In  Figure  8. 

In  1985,  the  pulp  Industry  purchased  about  45%  of  the  chlorine  manufactured  In  Canada;  whereas 
in  1970  it  was  the  predominant  user  of  molecular  chlorine.  In  the  past  few  years,  this  trend  has 
accelerated  to  the  point  that  a  number  of  small  chlorine  producing  plants  have  ceased  operation. 
At  the  time  of  writing,  the  authors  estimate  that  the  Canadian  pulp  industry  consumes  about  33%  of 
the  Canadian  chlorine  production  and  66%  of  the  caustic  production.  The  US  pulp  industry 
consumes  about  15%  of  the  chlorine  produced  in  the  US,  and  22%  of  the  caustic,  so  the  move 
away  from  chlorine  in  the  pulp  industry  will  presumat)ly  have  less  effect  on  the  overall 
caustic /chlorine  t)alance. 

5,1.18  Sodium  based  sulphite  mills 

In  practice  there  are  few  major  differences  between  the  environmental  aspects  of  a  true  NSSC  mill 
and  a  high-yield  or  ultra  high-yield  sulphite  mill.  They  both  apply  sodium  sulphite  as  a  cooking 
liquor  and  both  use  a  refiner  to  beat  the  pulp  after  cooking.  The  NSSC  pulp  Is  traditionally  sold  for 
corrugating  medium,  and  the  high-yield  sulphite  pulp  is  normally  used  in  connection  with  a 
newsprint  production  to  add  strength  to  the  groundwood.  Because  the  NSSC  pulp  is  used  for 
corrugating  medium,  brightness  Is  not  an  issue,  and  many  NSSC  mills  have  changed  from  a 
sodium  sulphite/carbonate  process  to  pure  sodium  carbonate  (soda  process).  Brightness  is  more 
important  for  the  high-yield  sulphite  process,  so  the  soda  process  is  not  an  option  in  this  case. 

The  dirt  content  of  the  final  product  Is  less  important  for  corrugating  medium  that  for  other  grades 
of  paper  normally  made  by  high-yield  sulphite  mills.  This  lowers  the  capital  cost  of  improving 
in-plant  process  recycles  to  the  point  where  the  only  effluents  are  clean  cooling  water  and  the 
strong  black  liquor  which  can  be  incinerated  by  proven  equipment. 

For  many  years  the  cross  recovery  of  spent  liquor  was  practiced  when  the  mill  included  a  kraft 
pulp  operation.  The  spent  sulphite  liquor  was  pumped  to  the  kraft  mill  evaporator  station  and  the 
soda  and  sulphur  was  used  as  make-up  chemicals  in  the  kraft  mill.  Isolated  NSSC  mills  and 
high-yield  suiphlte  mills  generally  discharged  i>lack  liquor  to  the  receiving  waters,  unless 
environmental  constraints  prevented  the  practice.  Today  cross  recovery  is  little  used  since  the 
environmental  pressure  on  the  kraft  operations  have  resulted  in  process  changes  largely 
eliminating  the  need  for  make-up  chemicals.  The  only  cross  recovery  operation  in  Ontario,  at 
CPFP,  Thunder  Bay,  was  shut  down  In  April  1991,  and  the  manufacture  of  sulphite  pulping 
discontinued. 
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If  the  NSSC  mill  site  is  not  in  the  vicinity  of  a  kraft  mill,  a  practice  has  been  developed  in  which  the 
spent  liquor  Is  Incinerated  in  a  fluidlzed  bed  reactor.  Fluidlzed  bed  incineration  systems  are  usually 
based  on  pulp  washing  efficiencies  of  about  75%,  but  it  is  a  delicate  operation  due  the  limited  heat 
value  of  spent  liquors  from  semi-chemical  operations  as  compared  to  chemical  pulps  A  well 
designed  system  can  operate  exothermically,  but  the  complexity  and  capital  cost  can  rarely  be 
justified.  The  product,  sodium  sulphate,  is  then  sold  as  a  powder  to  the  kraft  mill  for  chemical 
nriake-up.  An  example  of  such  an  operation  is  the  Weyerhauser  Mill  in  North  Bend,  Oregon. 

An  NSSC  mill.  Green  Bay  Packaging  Inc.  in  Green  Bay,  Wisconsin,  was  replaced  by  a  recycle 
linerboard  operation  in  early  1991,  after  over  10  years  of  operating  with  under  1  kg  BOD/tonne 
product  without  any  external  effluent  treatment. 

If  the  NSSC  mill  converts  to  tiie  soda  process  the  incineration  product  becomes  sodium  carbonate 
which  directly  can  be  reused  in  the  pulping  process.  There  are  many  examples  of  mills  that  have 
used  a  pure  soda  process  for  the  purpose  of  recovering  cooking  chemicals.  These  mills  include 
Papier  Cascades  in  Cabano,  Quebec,  Nekoosa  Packaging  in  Tomahawk,  Wisconsin,  Stone 
Container  Corp.  in  Ontonagon,  Michigan®'  and  Sonoco  Products  Co.  in  Hartsville,  South  Carolina 
among  others. 

The  300  TPD  Cabano  mill  has  operated  a  liquor  incineration /recovery  system  based  on  a 
Copeland  fluidlzed  bed  furnace  successfully  since  1975.  Since  a  pulp  washing  press  was  installed 
several  years  ago,  the  system  has  operated  with  90  to  95%  recovery  of  organics.  The  remaining 
BOO  is  treated  externally. 

None  of  the  Ontario  corrugating  medium  or  sodium  based  high-yield  sulphite  mills  have  installed 
recovery  systems.  Technically  there  is  no  hindrance  to  doing  so,  but  the  capital  cost  is  quite  high, 
and  other  options  may  well  prove  more  cost  effective  if  environmental  constraints  force  these  mills 
to  a  better  effluent  quality. 

In  Europe,  NSSC  mills  have  virtually  all  been  shut  down  or  converted  to  other  processes,  partly 
because  corrugating  medium  is  manufactured  from  secorxiary  fibres.  In  the  USA  almost  all  former 
NSSC  operations  are  now  soda  ttased. 

In  Europe,  the  US  and  Western  Canada,  newsprint  mills  based  on  groundwood  pulp  use  market 
kraft  pulp  for  strength  improvement.  Since  the  1970s,  there  has  been  a  trend  to  convert  the 
groundwood  mills  to  TMP/CTMP  to  eliminate  the  need  for  market  kraft  pulp.  An  increasing 
number  of  these  mills  use  deinked  secondary  fibres.  A  few  use  low-yield  magnesium  base  sulphite 
pulp  In  which  case  waste  liquor  recovery  is  somewhat  simpler.  However  the  relatively  small  scale 
of  sulphite  pulping  operations  in  Ontario  mills  is  an  obstacle  to  effective  sulphite  liquor  recovery. 


^  This  mitt  bought  a  Copeland  fluidlzed  bed  reactor  in  1990.  The  total  cost  of  this  installation  was  10.2  million  US$  (1989} 
The  washing  efficiency  is  80  to  85%,  sometimes  up  to  88%.  Water  use  is  17  m'^/tonne  and  the  raw  waste  loads  are 
24.5  kg/tonne  BOD  and  17.0  kg/tonne  TSS.  Effluent  treatment  consists  of  primary  clarification,  activated  sludge  using 
diffusion  aerators  and  secondary  clarification.  This  reduces  the  effluent  loads  to  0.9  kg/tonne  BOD  and  1.5  to 
2.0  kg/tonne  TSS. 
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There  are  other  true  sodium  based  sulphite  recovery  techniques  available,  e.g.  the  Billerud,  Rauma 
Repola.  Stora  or  Tampella  recovery  systems.  These  are  closely  related  to  kraft  recovery  systems 
in  that  they  apply  reductive  incineration  ar>d  convert  sulphide  to  sulphite  afterwards.  The  Billenjd 
process  is  based  on  pyrolysis  of  the  black  liquor,  and  there  is  one  such  system  still  in  operation  at 
the  Mead  Corp.  NSSC  pulp  mill,  in  Stevensen  Alabama.  However  these  techniques  are  not 
relevant  to  the  relatively  small,  high-yield  sulphite  pulp  mills  in  Ontario. 

A  CopelarKl  flukJized  bed  reactor  was  purchased  and  installed  in  Ontonagan,  Michigan  in  1989  at  a 
cost  of  US$10.4  million  (Cdn$1 2.4  million  at  mid  1991  rate  of  exchange),  for  a  600  tonnes/day 
corrugating  medium  mill.  The  necessary  washing  and  evaporator  equipment  was  already  installed 
at  the  mill. 

In  summary,  although  fiuidized  bed  incineration  of  sodium  based  sulphite  spent  liquor  is 
technically  possible  and  is  cun-entty  practiced  in  a  few  mills,  it  Is  not  attractive  due  to  difficulties  in 
selling  the  recovered  sodium  sulphate.  This  problem  is  expected  to  become  more  difficult,  if  not 
insurmountable.  The  only  option  for  corrugating  medium  manufacturers  wishing  to  install  a  black 
liquor  recovery  system  is  to  convert  to  a  sulphur-free  soda  process.  An  alternative  approach  to 
disposing  of  the  spent  pulping  liquor  is  to  use  it  as  a  binder  to  control  airborne  dust  and  enhance 
the  surface  of  gravel  roads,  as  currently  practised  by  Domtar  at  Trenton. 

High-yield  sulphite  operations  feeding  newsprint  mills  are  left  with  the  options  of  changing  to  a 
low-yield  magnesium  base  with  red  liquor  recovery,  substituting  the  sulphite  pulp  with  market  kraft 
or  deinked  secondary  fibres,  or  building  a  large  biological  treatment  plant. 

5.1.19  Closed  cycle  paperboard  mills 

When  Green  Bay  Packaging  Inc,  operated  their  NSSC  mill  at  Green  Bay,  Wisconsin,  they  did  so 
with  almost  100%  closed  operation  {<  0.5  kg  BOD/tonne),  without  biological  treatment  from  the 
late  1970s  until  1990,  when  the  mill  was  converted  to  use  secondary  fibre  instead  of  virgin  pulp. 
The  fiuidized  bed  reactor  destroyed  all  organics  and  the  sodium  sulphate  was  sold  off  site. 
Excessive  heat  was  a  major  problem  in  operating  the  closed  mill,  and  the  result  was  a  white  water 
system  running  at  75  to  70  deg  C.  The  product,  corrugating  medium,  was  sold  with  a  substantial 
amount  of  dissolved  solids  (approximately  6%)  in  it,  but  that  did  not  appear  to  affect  its  use  or 
marketability.  A  competing  mill  in  Tomahawk,  Wisconsin  had  a  soda  process  running,  but  with  a 
water  use  of  22.5  m^/tonne.  Wisconsin  was  short  of  linerboard  which  was  imported  from  the 
south.  For  market  reasons,  it  was  decided  to  change  the  product  at  Green  Bay  from  corrugating 
medium  to  linerboard.  US$35  million  was  invested  mainly  in  paper  machine  conversions  to 
change  the  product  line,  and  from  early  1991  Green  Bay  started  a  secondary  fibre  linerboard 
operation  with  a  production  of  450  tonnes  per  day.  At  the  time  of  writing,  they  discharge 
1 100  m^/day  to  the  sewer,  but  that  is  expected  to  cease  completely  in  the  near  future.  It  should  be 
noted  that  the  investment  was  made  for  market  reasons  and  not  for  environmental  reasons. 

Zero  effluent  has  also  been  achieved  In  several  steps  by  the  Grenaa  Papfabrik  AS  in  Grenaa, 
Denmark,  a  mill  producing  160,000  tonnes  per  year  of  corrugating  medium  and  linerboard  from 
secondary  fibres.  In  1976  this  mill  began  to  recycle  white  water  from  the  Fourdrinier  section  of  the 
paper  machine,  reducing  the  water  consumption  from  50  mVtonne  to  35  m^/tonne  of  product.  In 
1978  they  started  to  use  cooling  water  for  sealing  purposes,  and  in  1983  they  converted  to 
mechanical  seals,  reducing  the  water  consumption  to  15mVtonne.     Installation  of  flotation 
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clarifiers  and  several  intermediate  water  storage  tanks  were  the  final  means  of  reaching  zero 
effluent.  Figures  38  and  39  Illustrate  the  achievements  over  the  years,  and  reinforce  the 
frequently  repeated  statement  that  zero  effluent  can  best  be  attained  by  a  long  term 
program. 
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Figure  38  Evolution  toward  zero  effluent  at  Grenaa  Papfabrik  AS,  Denmark 

The  main  problem  of  operating  with  zero  effluent  in  the  Grenaa  mill  was  microbial  growth 
enhanced  by  starch  in  the  filler.  This  lead  to  the  formation  of  organic  acids  and  thus  corrosion  and 
potential  health  problems.  Both  problems  were  solved  by  a  combination  of  stainless  steel 
materials  and  the  use  of  biocides  (presently  nitro-bromo-propandiol).  The  total  cost  of  converting 
from  50  m^/tonne  to  zero  effluent  has  not  been  calculated  because  it  has  been  an  evolutionary 
process.  When  mill  management  was  faced  with  demands  for  biological  treatment  at  a  new 
municipal  treatment  plant  at  the  cost  of  35  million  DKK  ($7  million)  in  1987,  they  decided  to  close 
up  the  mill  water  cycle  entirely.  The  detailed  cost  analysts  was  not  made  available  to  this  study. 
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Figure  39  Nutrient  discharge  reduction  1978-1990  for  Grenaa  Papfabrik  AS,  Denmark 
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5.1.20  White  water  management 


SUMMARY  Environmental  legislation  and  rising  energy  costs  have  led  to  significant  reductions  in 
process  water  consumption  during  the  last  40  years  in  pulp  and  paper  mills.  There  is  a  need  to 
recognize  that  this  has  not  generally  been  the  case  in  Canada  partly  due  to  regulatory 
requirements  discouraging  water  conservation  programs,  because  toxicity  tests  which  have  been 
the  cornerstone  of  much  of  the  regulatory  activities,  are  based  on  concentration  rather  than 
toxicity  emission  rates  (see  TEF  and  TER  in  the  Glossary).  It  is  standard  practice  to  recycle  water 
within  a  mill.   The  degree  of  recycling,  however,  varies  widely. 


The  management  of  white  water  has  several  objectives  including  to: 

Reduce  water  consumption 

Reduce  heat  losses 

Save  raw  materials 

Provide  a  consistent  quality  water  to  the  manufacturing  process 

Avoid  contamination  of  a  sensitive  system  with  foreign  materials,  and  of  course 

Reduce  the  load  on  the  treatment  system  (and  environment). 

There  are  several  approaches  to  accomplishing  these  goals  with  some  of  the  important  steps  as  follows: 

Keep  paper  mill  and  pulp  mill  waters  separate 

Use  savealls  to  recover  fibre  and  fillers  and  to  condition  water  for  use  as  shower  water 

When  viable,  use  chemical  assistance  to  improve  filler  and  fines  retention 

Use  mechanical  devices,  such  as  in-line  screens,  to  recover  useable  materials,  and  clarify 

shower  water 
Provide  well  controlled  instrumentation  for  supply  segregation,  flow  uniformity,  and  water 

quality 
Recycle  white  water  as  the  main  source  of  dilution  water  outside  the  headbox  loop 
Use  filtered  white  water  in  most  showers 

Use  temperature  controlled  filtered  white  water  as  vacuum  seal  pump  water 
Return  contaminated  white  water  streams  to  processes  nearer  their  origin,  thus 

avoiding  unnecessary  cleaning  of  streams  in  savealls. 

The  cost  of  treating  an  effluent  stream  is  high.  All  of  the  approaches  should  be  reviewed  with  the 
objective  of  reducing  water  consumption  so  that  there  Is  less  effluent  to  treat  and  less  incoming 
fresh  water  to  condition. 

Reduction  of  the  fresh  water  demand  in  the  paper  mill  may  be  achieved  either  through  equipment 
modification  (tow  flow  rate  showers,  heat  exchangers  etc.),  which  results  in  reduced  fresh  water 
demand,  or  through  recycle  of  white  water  either  within  the  paper  machine  or  to  some  other 
process  (integrated  pulp  and  paper  mill). 

White  water  may  also  be  used  outside  the  mill  In  the  bleach  plant  or  at  the  pulp  mill,  or  even  be 
recycled  to  the  raw  water  treatment  plant  for  further  treatment  and  use  as  process  water. 
However,  measures  must  be  taken  to  ensure  that  no  unwanted  materials  are  transferred  in  this 
water,  e.g.  metals,  defoamers  etc. 
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Problems  encountered  in  recycling  and/or  reusing  white  water  include 

Increased  white  water  solids: 

Results  In  poor  drainage  arxl  Increased  drainage  aid  demand. 

Increased  corrosion: 

No  single  water  quality  characteristics  accounts  for  the  corrosion  rate.  However, 
increased  fresh  water  usage  has  often  been  shown  to  decrease  corrosion  rates  by  diluting 
dissolved  solids.  Increased  conductivity  generally  correlate  with  increased  corrosion 
rates. 

Shower  nozzle  plugging: 

May  be  minimized  by  use  of  filtration  devices;  selection  of  appropriate  nozzle  orifices  and 
operating  pressures;  blending  fresh  water  with  white  water;  keeping  velocities  in  pipes  high 
to  prevent  settling;  and  an  effective  maintenance  program. 

Increased  deposits  formation: 

Results  in  plugging  of  filters,  screens,  wires,  and  forming  fabrics  and  affects  product 
quality.  May  form  scale  as  well  as  deposits  of  pitch  and  slime.  Scaling  is  normally  due  to 
magnesium,  calcium,  and  sometimes  barium  sulphate.  A  number  of  additives  may 
minimize  scaling,  but  problems  of  deposits  formation  and  their  solution  are  very  site 
specific. 

Biological  growth: 

When  the  nutrient  concentrations  in  white  water  increase  this  leads  to  microorganism 
growth.  Elevated  temperatures  {>50  deg  C)  may  prevent  this,  but  as  it  may  not  be 
possible  to  keep  this  temperature  in  all  parts  of  the  machine,  thermophilic  bacteria  growth 
may  result.  The  control  of  microorganisms  is  site  specific. 

Elevated  white  water  temperature: 

Affects  scaling,  corrosion  rate,  and  biological  growth,  in  addition  to  reducing  the 
performance  of  vacuum  pumps  (due  to  elevated  vacuum  pump  sealing  water  vapor 
pressure). 

Product  quality  Impacts: 

Questions  have  arisen  regarding  paper  properties  such  as  strength,  opacity,  and 
brightness.  Sizing  is  also  a  subject  of  concern;  some  mills  have  reported  improved  sizing, 
while  others  have  reported  problems  with  internal  sizing  as  a  result  of  closing  white  water 
systems. 
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5.1.21  Effluent  flow  reduction 


SUMMARY  The  reduction  of  effluent  by  means  other  than  process  changes  can  have  a  major 
impact  on  the  final  effluent  volume.  One  important  area  is  recycling  process  water  from  all 
sources  in  addition  to  the  usual  reuse  of  white  water.  It  Is  important  to  use  a  source  of  recycled 
water  that  meets  requirements  rather  than  always  using  fresh  process  make-up  water.  The 
avoidance  of  intentional  and  accidental  spills  further  reduces  the  hydraulic  load  on  the  effluent 
treatment  facilities. 


Water  recycle 

The  foregoing  section  discusses  the  management  of  white  water  while  this  section  covers  the  use 
of  water  from  all  sources.  In  principle  the  reuse  of  water  should  be  carried  out  as  close  to  the 
source  of  the  water  as  is  practical.  For  example,  paper  machine  white  water  is  used  for 
on-machine  applications  first,  with  any  excess  available  for  distant  points  such  as  in  the  pulp  mill. 
A  second  principle  is  to  use  the  lowest  quality  water  available  that  will  adequately  do  the  {ob.  By 
applying  these  principles  in  a  reasonable  way,  the  wastewater  discharged  to  the  effluent  treatment 
system  will  be  minimized. 

The  recycling  of  water  around  the  paper  machine  is  important  not  only  for  the  conservation  of 
water  but  also  to  minimize  losses  of  materials  and  energy.  Recycling  water  in  other  areas  has  the 
same  benefits,  but  generally  the  important  benefit  is  the  reduction  in  fresh  water  make-up  which  in 
turn  means  less  water  to  be  treated  before  discharge  to  the  receiving  water. 

Frequently  fresh  water  is  used  around  the  papermaking  area  in  applications  where  a  lower  quality 
of  water  would  do  just  as  well.  One  example  is  the  paper  machine  vacuum  pumps.  These  pumps 
are  used  to  apply  a  vacuum  to  suction  press  rolls,  de-watering  devices  in  the  paper  forming  area, 
and  felt  cleaning  equipment  in  the  press  section.  Fresh,  or  raw  water,  is  not  required  for  this 
application.  These  vacuum  pumps  traditionally  use  liquid  ring  seals  and  discharge  large  quantities 
of  lightly  contaminated  effluent.  Up  to  20  m^  of  water  per  tonne  of  product  can  t>e  discharged 
(NCASI  1983). 

Using  filtered  white  water  at  a  temperature  and  flow  that  complies  with  the  manufacturer's 
requirements  should  provide  opportunities  to  reduce  the  effluent  from  this  source.  A  few  mills  use 
dry  rotary  turbine  vacuum  pumps  and  have  virtually  eliminated  this  source  of  effluent. 

Other  applications  may  involve  cascading  cooling  water  through  bearings  then  using  the  water  in  a 
related  process  area.  Lightly  contaminated  water  can  be  used  for  dilution  and/or  sluicing 
purposes  rather  than  fresh  water  in  other  areas.  There  are  many  similar  examples  that  can  be 
Identified. 
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Spills 

Accidental  spills  are  defined  as  excessive  discharges  to  the  environment  caused  by  abnormal 
operating  conditions.  These  spills  may  be  the  result  of  poor  monitoring  strategy,  of  inadequate 
control  equipment,  or  simply  of  inattention.  As  a  mill  or  process  is  closed  up,  these  spills  take  on 
greater  significance.  An  in-plant  spill  control  system  greatly  assists  in  recovering  toxic  materials, 
and  in  stabilizing  toxic  and  hydraulic  loads  to  the  external  effluent  treatment  system.  Spill  control 
systems  normally  involve  contaminant  measuring  devices;  for  example,  conductivity  or  pH  meters, 
etc,  and  they  also  require  to  provide  alarms  for  upset  conditions.  Instrumentation  to  assist  in 
supervision  of  flow  diversion  controls,  and  collection  vessels  and  ponds  Is  required. 

Qeaning  of  large  tanks  and  smaller  vessels  including  drums,  etc.  leads  to  dumping  the  washings 
either  to  the  process  or  the  effluent  system.  Wash-up  hoses  are  another  form  of  intentional  spills. 
Fresh  water  is  frequently  used  when  excess  process  water  from  various  sources  would  be 
adequate.  The  latter  must  be  used  with  caution  if  the  recycled  water  promotes  slime  growth  or 
other  slippery  conditions.  These  intentional  spills  can  cause  upsets  in  the  treatment  system  or 
undue  loads  on  internal  recovery  equipment.  Overloaded  equipment  can  cause  an  excess  to  be 
dumped  to  the  external  treatment  areas. 


5.2  External  Treatment  Technologies 


SUMMARY  External  treatment  is  utilized  as  a  supplement  or  an  alternative  to  discharge  control  at 
source.  It  may  involve  a  range  of  physico-chemical  and  biological  measures.  Primary  treatment 
involves  removal  of  suspended  solids,  normally  in  a  gravity  clarifier.  All  Ontario  mills  apply  this 
technique.  Secondary  treatment  removes  soluble  organic  materials,  normally  by  biological 
treatment  which  primarily  removes  BOD,  and  acute  toxicity.  Seven  Ontario  mills  have  secondary 
treatment,  one  of  which  is  anaerobic  only.  Tertiary  treatment  can  involve  different  physical 
chemical  techniques,  e.g.  granular  filtration  or  chemically  aided  coagulation  to  further  reduce 
TSS,  phosphorus  and  others. 


This  section  of  the  report  is  concerned  with  external  treatment  of  effluent  to  minimize  discharges 
which  may  cause  water  pollution. 

Water  pollution  is  the  introduction  into  a  body  of  water  those  substances  whose  character  and 
quantity  so  alter  its  natural  quality  in  a  manner  that  will  influence  its  aquatic  life,  impair  its 
usefulness  or  render  it  offensive  to  the  sense  of  sight,  taste  or  smell.  In  most  cases  the  effluent 
discharge  reduction  technology  discussed  in  this  report  will  reduce  water  pollution,  but  in  some 
cases  a  trade-off  should  be  considered. 

Alterations  of  water  quality  are  Inevitable.  Systems  not  influenced  by  humans  experience  water 
quality  changes  with  time,  e.g.  natural  eutrophication  of  a  lake  or  stream.  Humans  are  just  an 
additional  factor  in  the  changing  dynamic  system  often  termed  the  "balance  of  nature".  Humans 
cannot  prevent  change,  but  they  can  try  to  ensure  to  that  their  actions  promote  beneficial  change 
compatible  with  the  protection  of  our  environment,  and  minimize  degradation  due  to  industrial, 
government,  domestic  and  recreational  activities. 
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5.2.1  Pollution  sources 

Numerous  sources  of  water  pollution  exist.  The  types  of  undesirable  discfiarges  most  common  in 
the  pulp  and  paper  industry,  and  which  can  be  reduced  substantially  in  conventional  external 
treatment  systems  include: 

Suspended  solids  (TSS)  are  normally  fibre,  biological  solids  or  ash  from  mill  production 
operations.  Some  TSS  will  blanket  the  bottom  of  recipient  water  with  resultant  upset  of  receiving 
water  biota  unless  the  settleable  solids  are  removed  by  treatment  before  discharge. 

Soluble  organjcs  exert  biochemical  oxygen  demand  (BOD)  causing  depletion  of  dissolved 
oxygen  (DO)  with  resultant  limiting  of  the  uses  of  the  recipient  for  other  beneficial  purposes,  or  for 
aquatic  life.  COD  is  also  a  measure  of  dissolved  organics,  and  included  both  the  biodegradable 
and  non-biodegradable  fractions. 

Acute  lethality,  or  toxicity,  to  fish  and  Daphnia  magna.  This  parameter  has  been  used  with  trout 
as  the  test  organism  in  Canada  for  over  20  years  to  regulate  and  evaluate  pulp  and  paper  mill 
effluent  discharges,  but  is  much  less  used  in  other  countries.  Unless  otherwise  noted,  the 
statement  that  a  particular  effluent  is  loxic"  normally  refers  to  its  failure  to  pass  the  96  hour  LCgg 
test  for  acute  lethality. 

Most  of  the  biological  treatment  systems  installed  in  the  Canadian  pulp  and  paper  industry  were 
installed  primarily  to  reduce  acute  toxicity,  with  BOD  and  suspended  solids  control  as  secondary 
objectives. 

Priority  pollutants  or  "unconventional"  pollutants  represent  a  diverse  range  of  substances,  both 
natural  and  man  made,  that  may  restrict  or  eliminate  use  of  the  waters.  These  are  an  increasing 
concern  because  of  the  diversity  and  magnitude  of  the  possible  effects,  and  the  inability  of  the 
natural  ecosystem  to  degrade  a  small  but  significant  proportion  of  them.  Typical  compounds 
within  this  category  of  concern  in  the  pulp  and  paper  industry  include:  AOX,  PCDD/PCDF  and 
other  chlorinated  compounds. 

While  external  effluent  treatment  systems  can  reduce  discharges  of  some  "priority  pollutants" 
substantially,  others  are  effected  very  little  by  passing  through  an  effluent  treatment  system.  It  is 
essential  to  recognize  that  to-day's  biological  treatment  technology  was  developed  for  BOD 
and  toxicity  control,  and  that  any  reductions  in  the  "unconventional"  pollutants  are  largely 
gratuitous.  In  most  cases  there  is  not  yet  sufficient  knowledge  available  to  optimize  biological 
treatment  for  removal  of  the  unconventional  pollutants. 

These  pollutants  can  either  be  eliminated  at  their  point  of  origin  in  the  pulp  mill  production  process, 
as  discussed  previously  or  with  external  waste  treatment.  Many  factors,  including  technical  and 
financial  considerations,  may  influence  the  choice  of  the  optimum  approach  to  remove  pollutants. 
These  decisions  are  often  mill  specific  and  represent  considerable  technical  challenges. 

Nutrients  (phosphorus  and  nitrogen)  are  of  increasing  concern,  with  phosphorus  being  the  more 
important  in  Ontario.  The  discharges  of  phosphorus  and  nitrogen  from  pulp  and  paper  mills 
will  generally  be  increased  by  external  biological  treatment,  since  these  substances  have  to  be 
added  to  the  effluent  to  attain  efficient  BOD  removal. 
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5.2.2  Wastewater  treatment  classification 

Wastewater  treatment  is  usually  classified  as  follows: 

Primary  treatment  involves  removai  of  total  suspended  solids.  Normally  this  is  acfiieved  in  a 
gravity  clarifier  or  sedimentation  t)asin.  However,  alternative  processes  include 
dissolved  air  flotation  (DAF)  and  screening.  Preliminary  treatment,  involving  grit 
removal  for  inorganics  and  t)ar  screening  for  removai  of  larger  objects  entering  the 
wastewater  treatment  system,  normally  precedes  primary  treatment. 

Secondary  treatment  Implies  removal  of  organic  materials  from  mill  effluents,  particularly  BOD 
and  substances  acutely  letfial  to  fisfi  and  Daphnia  magna.  Biological  treatment  is 
by  far  the  most  common  method  of  secondary  treatment. 

Tertiary  treatment  involves  unit  operations  other  than  primary  or  secondary  treatment,  normally 
applied  to  the  effluent  from  a  secondary  treatment  system. 

5.2.3  Biological  treatment  principles 


Biological  treatment  systems  are  designed  to  create  suitable  conditions  for  the  development  and 
maintenance  of  microorganisms  which  convert  organic  pollutants  in  the  effluent  stream  to  a  more 
desirable  or  harmless  form. 


Basic  principles  of  biological  treatment  processes  are  discussed  below,  followed  by  descriptions  of 
practical  processes. 

Microbiology  of  the  treatment  system 

Treatment  plant  microorganisms  include  bacteria,  fungi,  protozoa,  rotifiers  and  algae.  Algae 
growth  is  often  insignificant  in  pulp  mill  effluents  because  the  dark  colour  of  mill  effluents  effects 
light  penetration. 

The  only  existing  low  cost  method  for  removing  some  types  of  organic  matter  such  as  lower  fatty 
and  hydroxyl  acids,  sugars,  alcohols,  ketones,  and  similar  compounds  from  dilute  solutions  is  to 
use  them  as  a  substrate  for  microorganisms.  This  is  possible  through  microbiological  action  which 
converts  them  into  cell  substance  or  oxidizes  them  to  CO^  and  water.  The  organic  matter 
(substrate)  may  be  either  soluble  or  insoluble.  Soluble  BOD  is  assimilated  directly  through  the 
tjacteriai  cell  membrane  (wall).  Insoluble  organics  removed  by  microorganisms  must  first  be 
solubilized  via  exoenzymes  secreted  by  the  microorganisms  before  the  substrate  can  be 
metabolized. 

Under  aerobic  conditions  this  involves  the  utilization  of  oxygen  by  the  bacteria  responsible  for  the 
process.  Part  of  the  organic  matter  in  the  substrate  is  used  by  the  microorganisms  for  fuel  for 
energy  and  part  is  used  to  provide  building  components  to  construct  new  microbial  protoplasm 
(synthesis).  Concurrently  with  the  energy  and  synthesis  reactions  is  a  process  called  endogenous 
respiration,  which  is  generally  thought  of  as  a  maintenance  mechanism  of  the  microorganism. 
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The  insoluble  cell  substance,  or  microbial  protoplasm,  produced  can  be  separated  from  the  liquid 
waste.  Disposal  of  the  solids  produced  can  be  reduced  by  microbial  decomposition  through  the 
process  of  endogenous  metabolism.  The  extent  and  reaction  rate  in  which  the  energy,  synthesis, 
and  endogenous  metabolism  steps  are  carried  to  completion  depends  upon  the  environment 
imposed  by  the  waste  itself  and  by  the  mechanical  aspects  of  the  system. 

All  processes  employing  biological  oxidation  follow  a  pattern  similar  to  that  occurring  in  the 
self-purification  of  streams,  in  this  phenomenon,  the  velocity  at  which  the  reaction  tal<es  place 
depends  uf)on  the  energy  exerted  within  the  system  and  the  substrate  concentration  gradient 
between  the  liquid  waste  and  the  active  biological  organisms.  Microbial  colonies  of  suitable 
character  to  effect  rapid  biological  oxidation  can  be  developed  in  concentrated  forms.  These 
include  systems  such  as  slurries  (activated  sludge),  attached  slime  coating  on  surfaces  (trickling 
fitter  media),  dispersed  growths  (aerated  stabilization  basins  or  ASBs)  or  a  combination  of 
dispersed  and  attached  growth  (rivers  and  streams). 

The  operating  temperature  of  biological  treatment  systems  should  normally  be  below  38  deg  C  if 
maximum  efficiency  is  desired.  Short  retention  time  systems  (under  about  48  hours)  in  the  pulp 
and  paper  lr>dustry  often  may  require  cooling  equipment.  The  current  trend  to  reduce  effluent 
flows  by  extensive  in-plant  recycle  generally  raises  effluent  temperatures,  but  may  be  offset  by 
energy  conservation  measures  within  the  mill,  which  tend  to  lower  effluent  temperatures. 

Aerobic  versus  anaerobic  treatment 

The  availability  of  oxygen  to  the  microorganisms  in  the  principal  reaction  vessels  determines 
whether  a  wastewater  treatment  process  will  be  aerobic  or  anaerobic.  If  adequate  molecular 
oxygen  is  present,  the  bacteria  present  will  always  metabolize  aerobicaliy.  If  molecular  oxygen  is 
absent,  the  conditions  are  anoxic.  Aerobic  systems  are  by  far  the  most  widely  used  secondary 
wastewater  treatment  and  include  oxidation  basins,  aerated  stabilization  basins  (ASB),  trici<Iing 
filters,  and  activated  sludge  treatment  (AST). 

The  absence  of  dissolved  oxygen  in  wastewater  creates  anoxic  conditions,  in  this  case,  the 
metabolic  patterns  of  the  microorganisms  are  such  that  the  oxygen  comes  from  the  organic  matter 
being  decomposed.  The  corxiitions  created  during  anaerobic  reactions  often  make  the  water 
unsatisfactory  as  a  natural  habitat  for  normal  aquatic  life  and  the  wastewater  often  becomes  black 
and  odourous  due  to  the  anaerobic  decomposition  products.  In  general,  the  rate  of  organic  matter 
decomposition  is  slower  urtder  anaerobic  conditions  than  would  be  aerobicaliy. 

There  has  been  increasing  interest  in  anaerobic  treatment  processes  for  pulp  mill  wastes  in  recent 
years,  because  they  produce  less  waste  sludge  than  AST,  require  much  less  electrical  energy,  and 
can  produce  economically  usable  quantities  of  fuel  gas  under  suitable  conditions.  Some  designers 
have  claimed  that  anaerobic  treatment  is  a  necessary  pre-treatment  of  high  strength  wastes,  but 
this  has  been  disproved  by  the  success  of  many  aerobic  systems  In  treating  pulp  mill  effluents 
containing  several  thousand  mg/L  BOD.  (The  Alberta  Newsprint  mill  discussed  In  Appendix  C  is 
one  example).  Other  aerobic  systems  successfully  treating  concentrated  wastes  in  Canada  are  at 
f^illar-Western  in  Whitecourt,  Alberta  (raw  effluent  BOD  occasionally  over  5.000  mg/L,  average 
over  3,000  mg/L)  and  the  Donohue  CTMP  mill  at  Matane. 
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Anaerobic  treatment  is  most  effective  in  effluents  where  the  concentration  of  organic  pollutants  is 
high  (BOD  over  1000  mg/L).  It  is  often  used  to  treat  selected  high  strength  waste  streams.  The 
excess  blomass  generated  by  artaerobic  treatment  is  less  than  one-third  of  the  quantity  that  would 
be  generated  by  an  AST  system,  reducing  sludge  disposal  costs. 

Anaerobic  effluent  treatment  systems  have  been  used  successfully  in  the  food  industry,  but  their 
track  record  in  pulp  mill  installations  has  been  mixed.  There  are  four  systems  operating  in  Canada 
at  the  time  of  writing.  At  the  CTMP  mill  at  Quesnel  River  Pulp,  in  Quesnel,  BC  extensive 
modifications  to  the  original  system  were  required,  doubling  the  originally  estimated  capital  cost  of 
$10  million  before  reasonatily  satisfactory  operation  was  attained.  This  system  is  followed  by 
aerobic  treatment,  Both  the  Sturgeon  Falls,  Ontario  and  the  l-ake  Utopia,  New  Brunswick 
installations  are  currently  working  out  start-up  problems  at  least  a  year  after  original 
commissioning.  The  system  at  Bathurst,  NB  is  reported  to  be  operating  well,  and  recovers 
significant  quantities  of  gas  which  is  used  in  the  flash  dryer  for  the  pulp. 

The  authors  did  not  include  anaerobic  treatment  systems  in  the  alternative  technology  trains 
because: 

They  are  not  yet  sufficiently  mature  to  permit  prediction  of  costs. 

Several  mills  consider  that  the  danger  of  an  extended  re-start  period  after  an  accidental 

loss  of  viable  biomass  would  be  unacceptable  In  an  age  of  increasingly  rigorous 

enforcement  of  effluent  discharge  regulations. 
Rather  than  being  an  alternative  effluent  treatment  process  to  aerobic  systems,  the 

anaerobic  processes  are  a  means  of  potentially  reducing  the  operating  cost  of  an 

aerobic  effluent  treatment  system. 


Waste  characteristics 

The  dissolved  BOD  fraction  of  pulp  and  paper  mill  effluents  consists  largely  of  wood  extractives 
and  cellulose  decomposition  products  which  are  readily  amenable  to  bacterial  attack.  Industry 
practice  has  shown  that  all  the  dilute  waste  from  pulp  and  paper  manufacture  can  be  treated 
biologically  if  conditions  for  the  development  of  suitable  microorganisms  are  established.  The 
wastes  include  weak  wash  water,  evaporator  condensates,  bleaching  waste,  excess  white  water, 
woodyard  wastewaters,  and  dilute  spent  cooking  liquors.  Factors  affecting  the  microorganism's 
development  include  pH,  temperature,  oxygen  supply,  and  the  presence  of  sufficient  nutrients 
including  nitrogen  and  phosphorus  in  an  available  form  {such  as  ammonia  and  phosphoric  acid). 

The  foregoing  general  discussion  of  biological  treatment  applies  to  all  aerobic  systems,  and  further 
specific  points  are  discussed  below  in  the  descriptions  of  the  commonly  used  processes. 
Anaerobic  processes  are  still  developing  and  may  show  promise  for  high  strength  wastes.  The 
Stone-Consolidated  Inc.  mill  at  Bathurst  uses  an  anerobic  system  successfully  to  reduce  overall 
effluent  treatment  costs.  They  are  discussed  in  Appendix  G. 
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5.3  Biological  Treatment  Processes 

There  are  many  forms  of  biological  treatment  used  to  treat  municipal  ar>d  Industrial  effluents,  and 
most  have  been  Investigated  for  at  least  one  mill.  Activated  sludge  treatment  (AST),  a  'high  rate' 
process,  and  aerated  stabilization  basins  (ASB),  a  "low  rate"  process  dominate  the  field  In  the  pulp 
and  paper  industry.  They  seem  likely  to  continue  to  do  so.  There  are  approximately  600 
Installations  in  the  North  American  pulp  and  paper  industry,  and  increasing  numbers  are  being 
Installed  In  Scandinavia  and  other  pulp  and  paper  producing  regions. 

5.3.1  Activated  sludge  treatment  (AST) 


SUMMARY  Activated  sludge  treatment  (AST)  is  a  widely  used  biological  process  normally  applied 
to  primary  treated  effluents.  The  principle  is  based  on  the  building  of  a  settieable  sludge  of 
microorganisms  grown  on  the  soluble  materials  In  the  effluent.  The  sludge  is  recycled  within  the 
process  and  excess  sludge  is  concentrated  and  then  incinerated  or  landfilled.  The  successful 
operation  of  an  AST  system  involves  the  control  of  the  varieties  of  microorganisms  present  in  the 
reaction  vessel,  the  food  to  microorganism  ratio  and  the  sludge  age.  Energy  and  chemical 
requirements  for  sludge  handling  make  this  process  more  expensive  per  tonne  of  removed  BOD 
than  an  ASB  system.  AST  can  achieve  lower  BOD  and  TSS  than  aerated  stabilization  basins,  but 
generates  significant  quantities  of  waste  sludge  and  discharges  higher  quantities  of  nutrients  than 
an  ASB. 


A  number  of  high  rate  biological  treatment  processes  are  used  for  treatment  of  municipal  and 
industrial  wastewaters.  The  activated  sludge  process,  developed  around  the  turn  of  the  century  in 
England,  is  the  only  high  rate  biological  treatment  process  that  is  widely  used  for  treating  pulp  and 
paper  mill  wastewaters.  Rotating  biological  contactors  (RBC),  trickling  filters,  extended  aeration 
and  many  variations  of  the  activated  sludge  process  have  all  been  installed.  Most  of  the  RBCs 
have  been  abandoned. 

These  processes  operate  with  very  high  concentrations  of  microorganisms,  and  relatively  short 
hydraulic  retention  times.  BOD  reduction  Is  quite  rapid,  with  treatment  completed  in  2  to  24  hours, 
resulting  in  compact  Installations.  Generally,  the  higher  the  reaction  rate,  the  more  suspended 
solids  are  produced. 
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Figure  40  Flowsheet  of  typical  activated  sludge  system 


A  typical  primary  effluent  treatment  system  followed  by  an  activated  sludge  system  is  shown 
schematically  in  Figure  40  and  its  operation  can  be  described  as  follows. 

The  main  effluent  stream  passes  through  a  coarse  screen,  to  a  primary  clarifier  where  the 
settleable  solids  are  removed  by  simple  sedimentation.  The  pH  of  the  clarified  effluent  is  adjusted, 
If  it  is  not  already  close  to  neutral,  and  recycled  sludge  is  added.  After  adding  the  necessary 
nutrients,  the  effluent  flows  into  an  aeration  tanlt  where  it  is  violently  agitated  and  oxygen  is 
supplied,  normally  in  the  form  of  air,  but  industrial  grade  pure  oxygen  is  sometimes  used.  In  the 
aeration  tank  a  mixed  population  of  bacteria  and  other  microbiological  life  develops,  feeding  on  the 
organic  substances,  oxygen  and  nutrients.  The  effluent  then  flows  to  the  secondary  clarifiers, 
where  most  of  the  biomass  settles,  and  then  the  clarified  effluent  is  discharged. 

Some  of  the  sludge  produced  is  recycled  to  the  aeration  tanl<  as  shown.  The  excess  sludge,  in  the 
order  of  0,4  to  0.5  kg  soiids/kg  BOD  removed,  must  be  dewatered  and  disposed  of  effectively. 
The  quantity  of  waste  activated  sludge  handled  is  a  function  of  the  solids  retention  time  (sludge 
retention  time)  in  the  aeration  tank  and  the  food  to  microorganism  loading  ratio.  A  long  sludge 
retention  time  and  low  F:M  will  result  in  the  least  quantity  of  waste  activated  sludge.  The  waste 
activated  sludge  is  typically  extracted  from  the  treatment  system  for  subsequent  disposal  at 
around  1%  consistency.  This  requires  energy,  chemicals  and  a  variety  of  complex  equipment. 
Chemicals  may  represent  one-third  of  the  operating  cost  of  the  effluent  treatment  system,  but  are 
frequently  overlooked  or  seriously  underestimated  in  feasibility  studies  and  other  predictions  of 
environmental  compliance  costs.  The  most  widely  used  mechanical  dewatering  technologies  are 
vacuum  filters,  belt  presses  and  centrifuges. 

During  the  past  decade  mills  have  reduced  their  losses  of  long  fibre  to  sewer  which  had  previously 
served  as  a  drainage  aid  in  sludge  dewatering.  Today's  typical  sludge  from  AST  systems  contains 
a  preponderance  of  fines  and  biological  cells  making  dewatering  difficult.  Consistencies  of  25%  to 
30%  are  reported  on  belt  filters  for  systems  where  the  activated  sludge  is  mixed  with  fibre  from 
woodroom  waste  in  ratios  from  6:1  to  2:1.    High  polymer  additions  are  required  to  attain  these 
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consistencies  when  the  lower  quantities  of  primary  fibre  are  used.  Where  a  mill  has  sufficient 
primary  sludge  to  attain  the  6:1  ratio,  there  are  probably  excessive  fibre  losses  from  the  production 
operations.  Much  of  the  water  included  with  the  blosollds  in  un-dewatered  siudge  remains 
attached  to  the  biosdids,  and  will  eventually  have  to  be  evaporated  at  the  same  fuel  cost  if  the 
siudge  Is  Incinerated,  whether  mixed  with  primary  sludge  or  not.  Solids  dewatering  and  disposal 
can  represent  the  largest  cost  of  operation  of  an  activated  sludge  plant, 

Within  the  past  five  years  new  generation  long  bowl  screw  press  technology  has  demonstrated 
superior  dewatering  capability  when  applied  to  the  mixed  primary  and  waste  activated  sludges 
found  in  the  pulp  and  paper  industry  (Maltby  1991).  This  new  technology  will  produce  a  cake 
having  a  solids  content  up  to  40%,  with  polymer  additions  In  the  order  of  10  kg/dry  tonne  sludge. 
A  survey  by  Maltby  (1991)  indicated  that  most  mills  dewatering  mixed  primary  and  secondary 
sludges  used  between  5  and  15  kg  polyelectrolyte  per  tonne  sludge.  One  mill  was  reported  to  be 
using  70  kg/tonne  (personal  contact  with  Mr.  Maltby  irKJicated  that  this  was  diluted  polymer,  and 
that  the  actual  quantity  of  dry  polymer  was  unknown).  There  are  a  wide  variety  of  polyelectrolytes 
on  the  market,  with  costs  from  a  few  dollars  per  kilogram  to  about  $12/kg,  so  total  operating  costs 
are  also  variable.  It  would  not  be  unusual  for  a  mill  to  sper>d  over  $50/tonne  dry  siudge  for  these 
chemicals.  Assuming  the  normal  sludge  generation  rate  of  about  1  kg/kg  BOD  removed  (total  of 
primary  and  secondary  sludges)  this  is  equivalent  to  about  $0.05/kg  BOD  removed.  This  is 
approximately  equal  to  the  electrical  energy  cost  for  operating  an  AST. 

These  technical  advances  in  siudge  dewatering  technology  increase  the  possibility  of  burning 
sludge  for  a  net  positive  energy  gain.  However,  a  suitable  boiler  is  required,  since  conventional  oil 
or  gas  burning  boilers  cannot  normally  accept  solid  fuels.  Obtaining  a  permit  under  air  pollution 
control  regulations  is  often  a  major  technical  and/or  financial  impediment  to  burning  waste 
sludges. 

Activated  sludge  plants  are  normally  preceded  by  primary  clarifiers,  but  this  is  not  always 
necessary  in  paper  mill  effluents  If  suspended  solids  discharges  are  controlled  by  discharge 
prevention  at  source. 

Design  features  of  efficient  AST  systems 

In  recent  years  the  pulp  and  paper  industry  has  begun  to  recognize  that  preferentially  promoting 
non-bulking  biological  growths  and  achieving  optimal  liquid:soiids  separation  in  the  final  clarifier  is 
critical  to  the  success  of  activated  sludge.  Many  recently  installed  activated  siudge  systems 
include  a  "selector",  an  anoxic  zone  at  the  inlet  to  the  aeration  tank.  This  improves  sludge 
settleability,  with  consequent  improvements  in  plant  operation  and  reduction  In  the  sludge  bulking 
problems  that  inhibit  the  efficiency  of  many  AST  systems. 

There  should  be  at  least  two  aerated  vessels  in  parallel  for  good  operation.  They  can  be  either 
2  metre  thick  clay  (10"^  permeability)  lined  earthen  basins  or  concrete  tanks  usually  about  5  to 
7  metres  deep.  The  aeration  system  must  provkJe  adequate  dissolved  oxygen  for  all  loading 
conditions,  A  variety  of  aeration  equipment  can  be  used  including  fixed  low  speed  turbines  and 
several  types  of  subsurface  forced-air  drffusers.  The  selection  is  dependent  on  a  numt>er  of  issues 
including  power  cost,  ease  of  maintenance,  and  mixing  ability. 
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The  heart  of  the  activated  sludge  system  is  the  finai  ciarifier.  If  this  unit  can  consistently  separate 
all  the  sludge  from  the  effluent  and  pump  It  back  to  the  aeration  vessel  the  BOD  removal  efficiency 
will  be  high  (above  95%  removal).  Municipal  sewage  design  criteria  for  activated  sludge  treatment 
are  not  suitatile  for  design  of  puip  and  paper  mill  systems.  The  clarifiers  should  be  fitted  with  a 
large  sludge  centre  weii  to  minimize  channeling  and  maximize  the  consistency  of  the  thici<ened 
sludge  return.  Two  final  clarifiers  in  parallel  are  required  for  a  plant  that  has  to  maintain  a  high  level 
of  efficiency  and  reliability. 

The  installation  should  be  equipped  with  a  modern  process  control  system,  similar  to  those 
common  in  modern  pulp  and  paper  mills.  All  routine,  repetitive  tasks  should  be  automated  as  far 
as  possible  in  the  interests  of  reliability.  Sufficient  data  logging  hardware  and  support  software 
should  be  installed  for  prevention  and  diagnosis  of  operating  problems,  and  for  quality  control. 

The  successful  operation  of  the  system  Is  deper>dent  on  a  thorough  understanding  of  the 
biological  processes  taking  place,  the  type  of  organisms  present  in  the  mixed  liquor  (mixture  of 
biosludge  and  incoming  effluent),  the  control  of  the  food  to  microorganism  (F:M)  ratio,  and  the 
control  of  the  sludge  age.  This  normally  requires  at  least  one  full  time  professional  staff  member, 
support  technicians  and  round-the-clock  operators. 

Each  activated  sludge  system  has  Its  own  characteristics,  and  it  is  most  important  that  a 
competent  professional  manage  the  system  if  high  BOD  and  toxicity  removal  efficiencies  are 
required.  The  actual  performance  of  treatment  systems  is  just  as  dependent  on  the  professional, 
technical  and  operating  resources  directed  to  the  operation,  as  on  the  details  of  the  design. 

The  capital  and  operating  cost  estimates  presented  in  Chapter  8  assume  that  the  foregoing 
features  would  be  included  in  any  AST  system. 

Cold  weather  operation  of  AST  systems 

Until  recently  there  was  a  lack  of  reported  experience  for  biological  treatment  for  non-kraft  mills 
operating  in  cold  climates,  such  as  Northern  Ontario.  There  is  much  to  be  learned  by  visiting  the 
recently  constructed  mills  in  other  Provinces,  and  examining  the  effluent  data  reported  to  the 
regulatory  authorities.  The  most  relevant  experience  for  Northern  Ontario  mills  is  probably  to  be 
found  in  the  several  mills  commissioned  over  the  past  few  years  in  Alberta.  Some  are  discussed  in 
Appendix  C  and  effluent  data  are  presented  later  in  this  chapter. 

For  the  AST  process  itself,  the  principal  effect  of  cold  weather  is  a  lowering  of  the  effluent 
temperature,  which  can  lead  to  poor  BOD  and  toxicity  removal  efficiency  If  the  final  effluent 
temperature  is  below  about  20  deg  C.  This  is  a  serious  problem  in  municipal  sewage  treatment 
systems  and  is  the  basis  for  frequent  references  to  poor  BOD  removal  efficiency  in  winter.  In 
modern  mills  where  the  untreated  effluent  temperature  is  often  high  enough  to  require  cooling 
systems,  high  performance  can  be  maintained  in  winter.  In  some  cases,  careful  design  witt  be 
required  to  avoid  cold  watei  entering  the  treatment  system.  The  physical  plant  has  to  be 
constructed  to  overcome  the  problems  of  extreme  cold,  using  the  techniques  well  known  to  pulp 
and  paper  mill  operators  and  the  design  engineers  with  experience  in  cold  climates, 

The  activated  sludge  process  for  effluent  treatment  is  very  common  in  Finland  and  many  mills  in 
the  US  have  adopted  it.    The  process  is  little  used  in  the  Canadian  paper  industry;  the  only 
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applications  are  at  Thorold  (2).  Ontario;  Whitecourt  (2),  Alberta;  Port  Mellon,  BC;  Hubbards,  Nova 
Scotia  and  Matane,  Quebec,  although  severai  more  are  under  construction.  Three  activated 
sludge  systems  operated  in  Prince  George  (BC)  mills  for  10  years  and  then  were  replaced  or 
supplemented  with  an  aeration  stabilization  basin. 

Basis  for  cost  estimates  In  this  report 

The  authors  consider  that  some  variation  of  the  activated  sludge  process  is  a  practical  form  of 
biological  treatment  and  have  based  the  cost  estimate  for  non-kraft  mills  on  AST.  This  approach 
should  not  be  considered  as  a  recommendation  against  the  ASB  process  for  these  mills. 

Selection  of  AST  as  the  basis  for  cost  estimates  was  partly  due  to  the  difficulty  of  calculating  ASB 
costs  without  detailed  knov^fiedge  of  loca!  soils  conditions.  Most  Ontario  kraft  mills  have  such 
studies  avaitat>le,  whereas  the  non-kraft  mills  do  not.  The  activated  sludge  process  may  be  more 
economic  than  an  ASB  where  a  suitable  land  area  is  extremely  expensive,  or  so  far  from  the  mill 
that  the  capital  and  operating  costs  of  effluent  pumping  exceed  the  operating  costs  for  an 
activated  sludge  system.  Generally,  it  is  more  economic  to  pump  effluent  several  kilometres  to  an 
aerated  stabilization  fc)asin  than  to  install  an  activated  sludge  secondary  treatment  system  close  to 
the  mill. 

5.3.2  Disposal  of  sludge  from  high  rate  biological  treatment  systems 

High  rate  biological  treatment  systems,  of  which  the  activated  sludge  process  discussed  above  Is 
by  far  the  most  wkJeiy  used,  generally  convert  a  significant  proportion  of  the  influent  BOD  into 
biomass  which  has  to  be  removed  from  the  system  as  a  sludge.  This  is  generally  known  as 
"secondary  sludge"  or  "biological  sludge".  Typically  in  the  order  of  0.5  dry  tonnes  of  biomass  are 
produced  per  tonne  of  BOD  removed.  It  is  normally  necessary  for  practical  operating  reasons  to 
mix  the  sludge  from  the  primary  treatment  system  with  the  secondary  sludge  for  dewatering,  so  the 
total  amount  of  sludge  produced  will  typically  be  2  to  3  times  the  above  figure. 

If  biological  sludge  is  to  be  incinerated,  then  the  energy  tialance  will  normally  be  negative,  despite 
considerable  expense  on  polymers  and  other  dewatering  aids.  The  recent  improvements  in  sludge 
dewatering  are  claimed  to  result  in  a  positive  energy  tjalance  at  some  mills.  However,  in  some 
cases,  a  well  dewatered  sludge  is  more  indicative  of  excessive  fibre  losses  in  the  mill  than  good 
dewatering  equipment. 

If  biological  sludge  is  disposed  of  to  landfill,  then  the  water  is  inclined  to  leach  out,  requiring 
protective  measures.  The  biological  sludge  is  generally  useful  as  fertilizer  for  agricultural  land. 
where  suitable  terrain  exists,  as  discussed  by  Pridiiam  (1990). 

For  the  purposes  of  cost  estimates  in  this  report.  It  has  been  assumed  that  the  dewatered 
biological  sludge  can  be  disposed  of  at  a  fixed  unit  cost,  without  having  carried  out  a  detailed 
analysis  of  each  site,  since  this  was  not  included  in  the  project  mandate.  The  cost  Is  based  on 
reported  experience  at  several  mills,  but  must  be  conskJered  approximate  since  the  specific 
demands  of  local  regulatory  authorities  must  be  known  to  define  the  costs,  and  mill  staff  have 
indicated  conskierable  difficulty  in  obtaining  such  information.  Effectively,  the  only  way  of 
determining  costs  for  a  new  landfill  site  is  to  apply  for  the  necessary  authorizations  and  carry  out 
the  approval  procedure.  In  some  mills,  the  current  cost  Is  very  low,  since  they  have  landfills  that 
are  accepted  by  the  Ministry  and  any  relevant  local  authorities.  When  such  sites  are  full,  which  will 
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occur  in  from  2  to  20  years  at  different  mills,  the  cost  of  land  disposal  could  become  very  high,  but 
is  presently  unpredictable.  Refer  to  Table  35  on  page  260  for  all  unit  costs.  The  highest  cost  that 
the  authors  are  aware  of  is  a  $150 /wet  tonne  tipping  fee. 

5.3.3  Aerated  stabilization  basin  (ASB) 


SUMMARY  Aerated  stabilization  basin  (ASB)  treatment  is  a  biological  process  normally  applied  to 
primary  treated  effluents.  The  principle  is  based  on  long-term  growth  of  microorganisms  on  the 
soluble  materials  in  the  effluent,  without  the  sludge  recycle  that  is  characteristic  of  the  activated 
sludge  process.  When  the  microorganisms  die,  the  sludge  is  used  as  a  substrate  for  other 
microorganisms,  and  thus  the  organic  material  causing  BOD  is  digested.  The  successful 
operation  of  an  ASB  system  involves  the  control  of  the  non-digestible  sludge  so  that  low  TSS  and 
BOD  are  achieved  in  the  final  effluent  without  dredging  of  sludge  being  necessary.  The  energy 
requirements  for  an  ASB  system  are  much  less  than  for  an  AST  system  and  generation  of  sludge 
waste  is  avoided.  However,  the  lowest  attainable  concentrations  of  BOD  and  TSS  in  ASB  effluent 
are  about  the  double  those  for  AST. 


The  aerated  stabilization  basin  (ASB)  is  a  basin  in  which  oxygenation  is  accomplished  by 
mechanical  or  diffused  aeration  units  and  by  induced  surface  aeration.  The  turbulence  level 
maintained  in  the  basin  insures  distribution  of  oxygen  throughout  the  basin,  but  is  usually 
(deliberately)  insufficient  to  maintain  all  the  bacterial  solids  in  suspension.  Besides  providing 
oxygen,  the  aerators  distribute  soluble  influent  food  throughout  the  basin  for  biological  organisms 
to  metabolize. 

The  ASB  process  is  currently  used  at  more  North  American  pulp  and  paper  mills  than  any  other 
form  of  biological  treatment  system.  A  few  Southern  US  mills  still  use  large  storage  oxidation 
basins,  and  discharge  effluent  only  during  rainy  seasons.  There  are  no  such  installations  of 
naturally  aerated  basins  in  Canada. 

The  ASB  has  been  almost  universally  adopted  by  those  kraft  mills  in  the  Canadian  pulp  and  paper 
industry  which  already  have  secondary  treatment  systems.  Other  processes  are  likely  to  be 
selected  for  many  of  the  non-kraft  mills,  including  activated  sludge  using  either  air  or  oxygen,  and 
perhaps  rotating  biological  contactors,  trickling  filters,  anaerobic  systems  and  sequencing  batch 
reactors. 

Low  temperature  of  the  effluent  is  detrimental  to  biological  treatment  system  operations,  and  has  to 
be  considered  when  designing  an  ASB  in  most  parts  of  Ontario,  particularly  where  winter 
conditions  are  severe.  The  characteristically  long  retention  of  ASB  systems  makes  them  more 
susceptible  to  cold  climates  than  AST.  Most  of  the  currently  operating  biological  treatment 
systems  in  Canada  are  in  kraft  mills,  which  have  a  characteristic  foam  blanket  which  lowers  heat 
losses,  However,  the  non-kraft  mills  will  not  normally  have  a  stable  foam  blanket,  so  that  they  will 
be  more  susceptible  to  winter  weather.  The  reader  is  cautioned  that  there  are  a  number  of 
publications  in  the  literature,  usually  originating  in  countries  warmer  than  Canada,  which  provide 
procedures  for  predicting  aerated  stabilization  basin  temperatures  in  winter.  If  extrapolated  to 
Northern  Ontario  winter  conditions,  some  will  predict  erroneously  low  temperatures  for  paper 
industry  wastewaters. 
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ASBs  convert  some  of  the  entering  BOD  into  biomass,  but.  In  contrast  to  most  other  biological 
treatment  systems,  are  capable  of  digesting  this  biomass,  so  that  the  net  generation  of  susperxled 
soiids  is  very  much  lower  than  for  the  conventionai  activated  siudge  process.  This  digestion  of 
biomass,  known  as  endogenous  digestion,  occurs  dose  to  the  bottom  of  the  basin,  and  it  is 
essenliai  tfiat  the  level  of  mixing  and  location  of  the  aerators  be  appropriate  for  it  to  take  place.  A 
well  designed  and  operated  ASB  will  run  Indefinitely  without  the  dredging  of  sludge  being 
necessary,  providing  the  upstream  primary  treatment  system  is  properly  utilized. 

The  electrical  energy  required  for  aeration  of  an  ASB  will  generally  be  at  least  as  much  as  for  an 
AST  system  for  the  same  effluent.  The  total  eiectrlcai  power  requirement  will  be  much  less,  since 
the  ASB  does  not  require  sludge  recycle  pumps  or  sludge  dewatering  systems. 

The  ASB  process  Is  flexible  and  does  not  reiy  on  sludge  recycle  for  successful  operation.  In  some 
applications  the  ASB  process  is  considered  as  an  Interim  step  toward  an  AST  system  by  provision 
for  the  addition  of  clarifiers  and  recirculating  equipment.  Because  of  the  long  aeration  periods 
employed,  conversion  of  this  ASB  will  usually  yield  an  extended  aeration  activated  sliidge  system 
and  will  require  the  Installation  of  additional  aeration  equipment.  Care  is  required  in  design  of  any 
conversion  to  ensure  that  the  ultimate  AST  system  will  perform  well,  since  the  retention  time  of  an 
ASB  is  normally  too  long  for  an  AST,  but  users  are  often  reluctant  to  abandon  the  aeration  volume, 
in  the  mistaken  belief  that  "more  Is  better". 

5.3.4  Nutrient  addition 

Biological  treatment  systems  require  cartx)n,  oxygen,  phosphorus,  nitrogen  and  other  trace 
materials  to  function.  Sufficient  carbon  is  always  available,  because  normally  the  objective  of  the 
treatment  system  is  to  remove  the  organic  carbon  compounds  from  the  effluent.  Oxygen  must  be 
supplied  by  mechanical  devices;  most  commonly  surface  aerators.  Pulp  arxJ  paper  industry 
effluents  generally  do  not  contain  sufficient  nitrogen  and  phosphorus  to  maintain  an  optimum 
microbial  population  for  BOD  removal.  It  Is  usually  necessary  to  add  these  nutrients  to  maintain 
the  efficiency  of  treatment  systems. 

Aerated  stabilization  basins  can  treat  pulp  mill  effluents  successfully  without  the  addition  of 
phosphorus  or  nitrogen,  particularly  where  retention  times  substantially  exceed  five  days,  In  this 
case,  there  are  some  nutrients  in  the  wastewaters,  and  the  discharge  of  nutrients  from  ASBs  is 
lower  than  from  high  rate  biological  systems,  in  general,  BOD  removal  efficiency  in  paper  industry 
ASBs  can  be  expected  to  drop  by  up  to  several  percentage  points,  if  there  are  no  nutrients  added 
to  the  raw  effluent,  because  growth  is  limited  by  nutrients  and  a  decline  in  the  reaction  rates  in 
aeration  basins.  To  optimize  this  trade-off  tietween  nutrient  ar>d  BOD  discharges,  the  needs  of  the 
receiving  waters  have  to  be  considered. 

Because  nutrients  also  have  a  significant  impact  on  the  specific  microorganisms  that  predominate 
in  ASB  or  AST,  the  lack  of  sufficient  nutrients  is  wkJety  recognized  as  being  the  main  factor 
attributable  to  AST  performance  excursions  In  the  industry.  Jenkins  (1991)  has  discussed  this 
subject  extensively. 

High  rate  biological  treatment  processes,  such  as  activated  sludge,  require  substantially  more 
nutrients  than  aerated  stabilization  basins  If  they  are  to  approach  their  potential  efficiency  in 
removing  BOD.  it  is  frequently  stated  that  BOD  and  nutrients  in  the  Input  stream  are  required  in  the 
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ratio  of  100:5:1  BOD:N:P.  However,  optimization  of  pulp  and  paper  effluent  treatment  systems  that 
operate  at  high  efficiencies  has  demonstrated  that  some  require  less  nutrients,  approximately 
100:3.5:0.6  {M6bius  1991).  The  actual  requirements  are  site  specific,  and  must  be  developed  by 
correlating  perforn^nce  and  nutrient  concentrations  in  the  biological  treatment  final  effluent  with 
nutrient  addition  rates.  Any  fixed  ratio  fails  to  reflect  various  sludge  ages  and  predicts  equal  dosing 
for  all  systems  regardless  of  biomass  production  (Qrau  1991).  In  some  mills  design  weal<nesses 
lead  to  Ineffective  practices  such  as  adding  orthophosphates  to  the  mill  sewers  just  upstream  of 
the  lime  mud  addition  point.  In  these  situations,  the  lime  will  precipitate  the  HgPO^  and  will  remove 
the  phosphorus.  It  is  obviously  essential  that  the  nutrients  added  are  actually  made  available  to  the 
microorganisms  (Edde  1990).  The  cost  of  these  chemicals  Is  usually  a  signrficant  factor  in  the 
operating  costs  of  activated  sludge  plants. 

Much  of  the  added  nutrient  is  removed  from  the  system  with  the  waste  sludge,  but  it  is  generally 
accepted  that  0.5  to  1 .5  mg/L  phosphorus  will  be  discharged  with  the  effluent,  if  suspended  solids 
removal  In  the  secor>dary  ctarifiers  is  efficient.  The  latter  implies  a  suspended  solids  discharge 
concentration  below  20  mg/L.  in  an  exceptional  case,  at  the  Giatfelter  mill,  one  finds  phosphorus 
concentrations  consistently  below  0.5  mg/L,  (refer  to  Appendix  C).  However,  phosphorus 
discharges  from  activated  sludge  treatment  systems  can  often  be  much  higher,  usually  due  to 
excessive  phosphorus  addition  or  high  suspended  solids  discharges.  Kiuru  (1990)  presented 
examples  of  phosphorus  discharges  frequently  over  2  mg/L,  and  occasionally  over  5  mg/L  at  the 
mill  at  Rauma,  Finland.  The  suspended  solids  discharge  from  the  plant  concerned  was  reported  to 
be  from  30  to  atxDut  180  mg/L,  which  is  indicative  of  unsatisfactory  operation,  although  It  is  a 
modern  installation.  Phosphorus  discharges  up  to  20  mg/L  have  been  recorded  at  the  Alberta 
Newsprint  Co.  mill  (Appendix  C). 

5.3.5  Control  of  nitrogen  discharges 


SUMMARY  Ammonia  can  be  transformed  into  nitrate  by  Nltrosomonas  and  Nitrobacter.  They 
have  a  slow  growth  rate  and  thus  require  a  long  sludge  age  to  be  competitive  in  the  sludge 
environment.  If  zones  having  no  aeration  are  introduced  in  the  biological  treatment  process,  it 
becomes  anoxic,  i.e.  nitrate  is  used  as  an  electron  donor  and  is  subsequently  reduced  to 
atmospheric  nitrogen.  These  processes  have  become  very  important  In  the  treatment  of 
municipal  effluent.  However  pulp  and  paper  mill  effluents  are  deficient  in  nitrogen  compounds, 
and  ammonia  or  urea  has  to  be  added,  preferably  in  proportion  to  the  incoming  BOD  load. 
Therefore  biological  nitrification  and  nitrogen  removal  may  not  be  of  significance  for  these 
effluents,  although  they  are  inherent  in  biological  phosphorus  control. 


Concerns  over  nitrogen  compourKls  in  the  discharge  from  pulp  and  paper  industry  effluents  have 
primarily  involved  ammonia  toxicity  to  aquatic  organisms  (Bennett  1991).  Ammonia  toxicity  has 
become  an  Issue  in  recent  years  although  the  untreated  effluents  are  invariably  deficient  in 
nitrogen.  Nitrogen  is  normally  added  in  the  form  of  ammonia,  and  at  pH  values  above  8  this  could 
create  a  problem  in  the  acute  toxicity  testing  with  fish.     However,  under  normal  operating 
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conditions  ammonia  toxicity  is  not  a  problem  In  puip  and  paper  mill  effluents,  largely  because  the 
disciiarge  pH  Is  normally  close  to  neutral*'  (Refer  also  to  page  1 1 7). 

Today  nutrient  discharge  control  by  biological  organisms  has  become  recognized  as  perhaps  the 
most  practical  method  of  nutrient  removal  in  an  effluent  treatment  system. 

Since  nitrogen  is  an  essential  constituent  of  microbial  cells,  any  net  growth  of  blomass  that  Is 
removed  from  the  waste  stream  will  cause  some  nitrogen  removal.  The  amount  of  nitrogen  that 
can  be  removed  by  this  mechanism  is  limited  by  the  amount  of  net  growth,  which  in  turn  depends 
on  the  carbonaceous  organic  content  of  the  wastewater  and  the  system's  operating  conditions. 
The  nitrogen  content  of  microbial  cells  is  approximately  1 2.5%  by  weight. 

Nitrification  is  the  biological  oxidation  of  ammonia  to  nitrate,  with  nitrite  formation  as  an 
intermediate.  The  microorganisms  involved  are  the  autotrophic  species  Nitrosomonas  and 
Nitrobacter,  which  carry  out  the  reaction  in  two  steps: 

2Nh/  +  3  0„  Nitrosomonas.  2N0/  +  2H2O  +  4H^  +  new  cells 

2N02'  +  0„  Nitrobacter^  2NO3"  +  new  cells 

It  is  generally  accepted  that  the  specific  growth  rate  of  Nitrobacter  is  higher  than  the  growth  rate  of 
Nitrosomonas  and  hence  there  is  no  accumulation  of  nitrite  in  the  process  and  the  growth  rate  of 
Nitrosomonas  will  control  the  overall  reaction. 

The  empirical  overall  reaction  Including  oxidation  and  synthesis  is: 

NH/  +  1.83  O2  +  1.98  HCO3' >  0.98  NO3"  +  0.021  C^H.NO^  +  I.88H2CO3  +  1.04  H^O 

Thus,  the  stoichiometric  equation  for  nitrification  indicates  tiiat  for  one  gram  of  ammonia 
nitrogen  removed  (USEPA  1975): 

4.2  g  of  O2  are  consumed 

7.1  g  of  alkalinity  (as  CaCOg)  are  destroyed 

0.17  g  of  new  ceils  are  formed 

0.06  g  of  Inorganic  carbon  are  consumed. 

These  data  indicate  the  additional  oxygenation  capacity  required  to  achieve  nitrification. 

For  effective  nitrrfication  to  occur  there  must  be  a  rather  long  sludge  age,  20  days  or  longer  is  not 
an  uncommon  sludge  age  for  efficient  nitrification  treatment  plants.  Short  sludge  ages  will  result  in 
a  washout  of  these  organisms.  Nitrification  occurs  over  a  temperature  range  of  5  to  45  deg  C  with 
the  optimum  range  being  25  to  35  deg  C.  Nitrification  is  a  zero  order  reaction  down  to  very  low 
concentrations  In  the  order  of  1.0  mg/L.  Since  nitric  acid  is  produced  in  the  oxidation  process  it  is 
necessary  to  provide  7  mg/L  alkalinity  per  mg/L  ammonia  oxkjized.   The  rate  of  nitrification  has 


*'    T/»  authors  havB  heard  of  effluents  containing  residual  nitrogen  t>ecoming  acutely  lethal  during  storage  or  shipping 
prior  to  toxicity  testing,  due  to  ammonia  formation. 
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been  shown  to  be  dependent  on  the  dissolved  oxygen  at  concentrations  less  than  2  mg/L  l-ow 
temperature  applications  (lOdegC)  of  combined  carbon  oxldatlon-nltrtfication  In  completely 
mixed  activated  sludge  systems  require  very  long  hydraulic  residence  times  to  achieve  favourable 
conditions  for  virtually  complete  nitrification.  As  temperatures  rise,  required  retention  times  are 
reduced.  At  20  deg  C,  less  than  five  hours  is  required  for  virtually  complete  nitrification.  The 
USEPA  recommer>ds  a  safety  factor  in  the  order  of  2.5  (USEPA  1975)  which  is  Included  In  the 
critical  sludge  age  calculated  above  for  design  purposes  to  ensure  that  ammonia  brealrthrough 
does  not  occur  during  daily  peal<s  in  loads.  The  required  sludge  age  can  be  achieved  by  varying 
either  the  MLVSS  or  the  hydraulic  detention  time. 

In  some  ecosystems,  particulariy  brackish  or  marine  ones,  algae  may  also  be  limited  in  nitrogen 
salts,  ammonia  arvi  nitrate.  Therefore,  nitrate  discharges  are  becoming  of  increasing  importance 
for  many  treatment  plant  effluent  discharges  worldwide.  Elimination  of  nitrate  by  biological 
denltrification  is  achieved  under  anoxic  {absence  of  molecular  oxygen)  conditions  by  heterotropic 
microorganisms  that  utilize  nitrate  as  a  hydrogen  acceptor  when  an  organic  energy  source  is 
available.  Denltrification  will  also  occur  under  corKlitions  of  endogenous  respiration,  although  at  a 
much  slower  rate: 

2{H0f  +  substrate— >  Nj  +  CO^  +  HjO  +  OH'  +  cells 

Nitrate  nitrogen  is  converted  to  reduced  forms  such  as  N^,  N^O  and  NO.  The  breakdown  of 
carbonaceous  organics  in  the  denltrification  reactions  is  similar  to  that  In  the  aerobic  process. 
Thermodynamic  data  show  a  higher  energy  yield  from  the  aerobic  metabolism  of  organic  cartxjn 
compared  to  anoxic  denltrification.  A  factor  that  indicates  the  need  for  strict  anoxic  corKlitions  in  a 
denitrifying  system.  Many  activated  sludge  systems  are  operated  so  that  aerobic  processes  and 
denltrification  can  occur  simultaneously  due  to  the  presence  of  a  dissolved  oxygen  gradient  across 
bacterial  floes. 

The  simplest  configuration  enables  cartxjnaceous  oxkiation,  nitrification  arxJ  denltrification  to 
occur  in  a  single  basin.  This  can  be  accomplished  by  careful  positioning  of  the  aeration  equipment 
to  maintain  defined  aerobic-anoxic  zones  In  different  basin  sections.  A  simpler  system  utilizes  a 
single  basin  for  both  aeration  and  sedimentation  by  providing  intermittent  aeration  to  create 
aerobic  and  anoxic  time  sequences.  No  matter  what  system  is  used,  it  is  necessary  to  provide  a 
sufficiently  long  solids  retention  time  to  ensure  the  growth  of  nitrifying  organisms;  a  sufficient  active 
fraction  of  biomass  at  a  dissolved  oxygen  level  adequate  for  nitrification  to  occur,  and  an 
anaerobic  or  anoxic  plnase  of  sufficient  duration  to  permit  nitrate  reduction  (Eckenfelder  1989). 

Despite  the  concerns  expressed  atxjut  ammonia  toxicity  in  effluent  from  mills  discharging  strong 
wastes,  several  mills  routinely  pass  the  acute  lethality  tests,  including  Alberta  Newsprint. 

Presently  there  is  a  lack  of  ammonia  data  for  effluents  from  ASB  treatment  systems  in  the  pulp  and 
paper  Industry,  so  It  is  not  possible  to  evaluate  their  performance  In  achieving  nitrification.  Several 
mills,  including  Weldwood  at  Hinton  (Andrews  1991),  E.B.  Eddy  at  Espanola  (MISA  1991)  routinely 
pass  the  LCjq  test  with  zero  mortality.  The  authors  are  not  aware  of  any  mills  reporting  ammonia 
toxicity. 
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5.3.6  Control  of  phosphorus  discharges 


SUMMARY  Phosphorus  is  a  limiting  nutrient  for  microbiological  growth  in  biological  treatment  of 
pulp  and  paper  mill  effluent,  and  Its  control  thus  Involves  an  accurate  assessment  of  the  need  for 
addingit,  normally  in  the  order  of  0.6  to  1:100  as  the  ratio  of  P  BOD.  Long  retention  ASB  systems 
often  operate  without  addition  of  phosphorus.  The  quantities  of  phosphorus  which  have  to  be 
added  to  an  AST  can  be  limited  by  applying  biological  phosphorus  control. 


Concern  over  phosphorus  discharges  Is  related  to  the  fact  that  algae  growth  in  most  fresh  water 
ecosystems  is  phosphorus  limited.  Excessive  concentrations  of  phosphorus  may  result  in  a 
eutrophled  ecosystem,  oxygen  depletions  and  fish  kill. 

Control  of  phosphorus  emissions  may  require  a  trade-off  between  attaining  low  BOD  discharges 
and  low  phosphorus  discharges.  Part  of  the  problem  is  that  sufficient  nutrient  residual  must  exist 
in  the  wastewater  at  all  times  during  the  treatment  process.  Thus  nutrient  addition  rates  must  be 
paced  with  BOD  removals  achieved.  Whereas  an  effluent  treatment  plant  treating  a  uniform  BOD 
load  may  achieve  a  final  effluent  concentration  as  low  as  0.2  mg/L,  the  same  plant  under  varying 
load  corxJitions  will  require  a  higher  phosphorus  concentration  in  the  final  effluent  to  assure  the 
system  is  not  operating  in  a  nutrient  limiting  condition.  The  proper  selection  of  analytical 
procedures  for  phosphorus  is  critical  (Refer  to  page  118). 

Pulp  and  paper  mill  effluents  are  typically  deficient  in  phosphorus  relative  to  the  quantities  required 
for  the  operation  of  most  biological  treatment  systems.  Therefore  phosphorus  must  often  be 
added  in  adequate  amounts  to  avoid  phosphorus  limited  growth  and  a  decline  in  reaction  rates  in 
aeration  basins.  Phosphorus  deficiency  is  a  selective  factor,  frequently  leading  to  the  deterioration 
of  sludge  settieability  and  slow  biodegradation  of  carbonaceous  compourKfs  (Eckenfelder  1985, 
Vuoriranta  1989).  However,  in  some  cases  puip  mills  discharge  sufficient  quantities  of  phosphorus 
with  the  untreated  wastes.  The  Hinlon  mill  discussed  in  Appendix  C  achieves  very  low  BOD  and 
TSS  discharges,  so  is  presumably  not  phosphorus  deficient.  There  was  no  phosphorus  addition 
during  the  period  reported  in  Appendix  C,  yet  the  discharge  in  the  treated  effluent  was  relatively 
high,  implying  that  the  untreated  effluent  was  NOT  deficient  in  phosphorus. 

In  biological  treatment  plants  handling  pulp  and  paper  mill  effluents,  the  first  step  in  phosphorus 
control  is  to  define  the  criteria  for  adequate  phosphorus  feed.  The  minimal  nutrient  requirements 
for  AST  are  in  the  range  of  0.6  to  1 : 1 00  phosphorus:BOD  ratio  to  assure  phosphorus  limited  growth 
does  not  occur  while  still  achieving  optimal  BOD  removal  during  biotreatment  (Edde  1968.  Mobius 
1991).  Discharges  of  phosphorus  have  in  the  past  been  consklered  a  secorxJary  problem  to  BOD 
removal  and  TSS  control.  This  attitude  is  changing  rapidly.  Wastewater  discharges  to  the  Great 
Lakes  Basin  are  generally  required  to  limit  their  discfiarges  of  total  phosphorus  to  1  mg/L  or  less 
under  an  agreement  between  the  United  States  and  Canada  (Reid  1991,  Great  Lakes  1987). 
Regions  where  effluent  phosphorus  concentrations  of  2  mg/L  or  less  are  required  are  summarized 
in  Table  22.  All  these  values  are  considered  attainable  by  the  relevant  regulatory  authority. 
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Table  22  Examples  of  effluent  phosphorus  »tandard» 


Region  P  standard  (mg/L) 


USA 

Great  Lakes  1 .0  (if  >  2640  m^  per  day) 

Florida  10  (for  lake,  bay,  Impoundment  or  estuary  discharges) 

Chesapeake  Bay  Basin* 

Pennsylvania  (lower  Susquehanna)  2.0 

Maryland  0.2.1.0,2.0 

Virginia  (lower  Potomac  River)  0.2, 0.4,  0.5, 1.0 

Washington,  D.C.  0.23 

Reno  Sparks,  Nevada  0.5 

Lake  Tahoe,  California  1.0 

Switzerland  1 .0  or  85%  removal  for  discharges  to  lakes 
Sweden                                              <  1.0 


■  Varies  according  to  stretch  o1  river.  Above  is  a  simplified  representation  of  regulations  which  are  sometimes  complex, 
with  local  variations. 

Chemical  phosphorus  removal 

Phosphorus  can  be  precipitated  by  the  addition  of  coagulants  such  as  aluminium,  ferric  or  calcium 
salts  or  polyeiectrolytes.  They  can  be  added  in  the  secondary  clarifier,  but  it  is  more  common  to 
have  an  add-on  chemical  treatment  unit.  This  is  primarily  used  when  phosphonjs  discharge 
criteria  are  lower  than  can  be  achieved  In  a  secondary  biological  effluent  treatment  plant.  This  Is 
known  as  tertiary  treatment  which  is  discussed  in  more  detail  on  page  220. 

5.3.7  Maintaining  the  nutrient  allowance 

In  a  multi-cell  ASB  with  nutrient  addition,  it  is  possible  that  a  phosphorus  concentration  shortfall  will 
exist  Immediately  at  the  head  end  of  the  ASB  where  there  Is  normally  high  biological  activity,  high 
mixing  energy  and  high  phosphorus  demand.  The  high  mixing  energy  prevents  deposition  of 
bioiogical  organisms  which  are  therefore  displaced  from  the  head  erxi  of  the  ASB.  The  nutrient 
demand  at  the  head  end  of  the  effluent  treatment  system  may  deplete  the  availalaie  phosphorus  in 
the  wastewater.  Between  the  head  end  and  mWsectlon  of  the  ASB  there  may  be  a  portion  of  the 
ASB  where  phosphorus  concentrations  are  not  adequate  to  meet  nutrient  demands  and  a  growth 
limiting  condition  develops. 

After  this  midsection  growth  limiting  condition,  due  to  a  tack  of  nutrients,  the  wastewater  will  pass 
into  a  section  of  the  treatment  system  where  recovery  of  nutrients  released  from  decomposing 
sludge  at  the  bottom  of  subsequent  aeration  basin  cells  again  makes  availat)le  adequate  nutrients. 
This  will  occur  toward  the  end  section  of  the  ASB  where  adequate  nutrients  resulting  from 
resoiublizatlon  of  bioiogical  organisms  are  recovered  by  the  microorganisms. 

The  mkJsection  nutrient  deficiency  may  not  be  noticed  if  only  the  final  effluent  phosphorus 
concentration  is  monitored.  A  nutrient  shortfall  was  observed  at  the  midsection  when  monitoring 
throughout  the  ASB  tjasin  at  Proctor  and  Gamble,  Grande  Prairie,  Alberta,  A  similar  prot^iem  was 
discovered  and  corrected  several  years  ago  at  a  Washington  State  ASB.  A  similar  nutrient  shortfall 
situation  can  also  exist  with  "contact  stabilization"  or  other  modifications  to  AST,  and  avoiding  it  is 
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essential  for  attaining  optimum  effluent  quality.  This  is  one  example  which  demonstrates  the  need 
for  competent  technical  supervision  of  aerated  stabilisation  basins  or  ASB  if  efficient  treatment  Is  to 

be  attained. 

Continuous  BOD  monitoring  for  nutrient  addition  control 

Since  a  BOD  test  requires  five  days  to  be  completed,  It  is  not  possible  to  simply  control 
phosphorus  and  nitrogen  addition  in  direct  proportion  to  incoming  BOD. 

Mechanical  and  sulphite  mills  can  estimate  BOD  discharges  quite  accurately  from  the  production 
rate  of  the  refiners/grinders /digesters,  since  BOD  is  directly  proportional  to  those.  At  least  one 
mill  with  high  strength  BOD,  the  Millar-Western  bleached  CTMP  mill  at  Whitecourt,  Alberta  does  so 
successfully  (Personal  contact).  For  kraft  mills  (and  any  other  mill  with  a  chemical  recovery 
system)  this  approach,  in  principle,  can  also  be  used,  but  with  so  many  variables  the  prospects  for 
success  are  poor. 

Continuous  short  term  BOD  measuring  instruments  are  becoming  available  (Arthur  1966, 
STIP  1 991 ).  The  authors  do  not  consider  them  as  alternatives  to  the  classic  BOD  test,  but  rather  as 
useful  tools  to  assist  operators  in  controlling  nutrient  additions  to  plants  with  variable  effluent 
loadings.  One  example  Is  the  Biox  1000  a  commercially  available  sensor  from  STIP  for  continuous 
short  term  BOD  measurements.  The  sensor  measures  an  initial  rate  of  oxygen  consumption  which 
correlates  to  the  BOD^  figure  for  a  given  effluent.  For  control  of  nutrient  addition  the  initial  rate  of 
oxygen  consumption  is  a  better  control  variable  than  BOD^  (because  there  is  no  AST  with  5  days 
retention  time).  It's  analysis  time  is  three  minutes  and  it  can  measure  from  very  low  values  to 
several  thousand  mg/L  BOD^.  It  could  be  calibrated  to  show  COD  or  nitrification  rates  for  a  given 
effluent  as  well. 

The  instrument  one  author  saw  at  the  Feldmuehle  mill  in  Flensborg  was  computerized  with 
automated  daily  cleaning  and  calibration  programs,  and  warning  to  a  central  computer  of  errors 
etc.,  thus  minimizing  operator  attention.  Equipment  of  this  type  has  been  used  in  Germany  for 
approximately  5  years  with  more  than  200  installations  today,  according  to  information  obtained 
from  the  vendors.  They  have  identified  8  installations  in  the  German  paper  industry,  two  of  which 
are  used  for  process  control  of  activated  sludge,  and  6  installations  for  inlet  or  outlet  BOD 
monitoring. 

Nutrients  in  Ontario  mill  effluents  having  biological  treatment 

Nutrient  discharges  from  seven  pulp  and  paper  mills  in  Ontario  which  operate  biological  treatment 
systems  are  shown  In  Table  23. 

These  data  indicate  final  effluent  phosphorus  concentrations  below  1  mg/L  occur  at  ait  effluent 
treatment  plants  except  for  highly  loaded  ASBs  and  the  one  anaerobic  plant.  The  authors  consider 
that  the  technology  exists  to  maintain  adequate  nutrients  in  the  treatment  system  while  maintaining 
a  final  effluent  concentration  of  phosphorus  below  1  mg/L 

When  mills  discharge  effluents  with  high  nutrient  concentrations  after  secondary  treatment,  one 
option  to  achieve  less  than  1  mg/L  phosphorus  concentration  in  the  final  effluent  is  tertiary 
chemlc^  agisted  coagulation  (CAC). 
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This  may  be  necessary  If  mill  effluents  contain  high  BOD  concentrations  making  it  difficult  to  botfi 
assure  adequate  phosphorus  In  the  wastewater  being  treated  and  to  maintain  a  less  than  1  mg/L 
phosphorus  concentration  In  the  final  treated  effluent.  Alternatively,  where  receiving  water 
dissolved  oxygen  is  high,  but  nutrients  are  particularly  undesirable,  the  best  technology  would  be 
to  operate  the  effluent  treatment  plant  for  minimum  phosphorus  discfiarge  instead  of  minimum 
BOO,  as  is  the  more  common  practice.  Refer  to  page  1 18  for  a  discussion  of  phosphorus  analysis. 


Table  23  Pulp  and  paper  mill  biological  treatment  plants  in  Ontario 

Mill  and  location         Operation  description       Tot-P*        Tot-N        NH^NH,        NO^ 
Boise  (Fort  Frances)      Highly  loaded  ASB 
CPFP  (Dryden)              Highly  loaded  ASB 
Eddy  (Espanola)           Efficient  ASB 
K-C  (Terrance  Bay)        Efficient  ASB 
Strathcona,  Napanee    ASB,  lightly  loaded 
Q  &  O,  Thorold              Oxygen  AST 
MacMillan.  Sturgeon  F.  Anaerobic,  with  NO  aerobic 

Data  are  shown  as  mg/L 

•Source:  MISA  Monitoring  Program  (1991). 

Nutrient  addition  contrast 

Two  recently  constructed  pulp  mills  in  Whitecourt,  Alberta  provide  contrasting  experiences  in 
optimal  phosphorus  additions  to  mill  wastewaters  treated  in  activated  sludge  systems.  Millar 
Western  Pulp  started  up  a  220,000  tonnes  per  year  alkaline-peroxide  pulp  mill  in  1988  initially  with 
an  ASB  wastewater  treatment  that  was  subsequentially  converted  to  extended  aeration  activated 
sludge.  The  Alberta  Newsprint  Co.  started  up  in  September,  1990  (Refer  to  Appendix  C  for  a 
description).  Neither  mill  has  final  effluent  discharge  limitations  for  phosphorus. 

The  Alt>erta  Newsprint  Co.  effluent  is  treated  in  an  AST  with  six  day  total  retention  time  (the  AST 
reactor  has  2.5  days  retention,  the  remainder  in  a  polishing  pond  and  equalization  basin)  and  10  to 
15  day  sludge  age.  The  biological  treatment  performance  was  optimized  for  BOD  at  the  expense 
of  high  phosphorus  concentrations  in  the  treated  effluent.  The  wastewater  influent  BOD  was 
approximately  1,200  mg/L,  and  an  excess  of  nutrients  was  added  such  that  final  effluent 
phosphorus  during  initial  operation  was  in  the  range  of  18  to  20  mg/L.  More  recent  operation  has 
brought  this  downward  to  about  5  mg/L. 

Millar  Western  Pulp  operates  an  AST  system  with  10  day  sludge  age  and  approximately 
3,000  mg/L  BOD  in  the  influent.  The  operators  have  attempted  to  minimize  nutrient  addition.  To 
accomplish  this  they  pace  nutrient  feed  to  the  metering  screws  that  feed  the  refiners  in  the  pulp 
production  process  (effectively  using  pulp  production  rate  as  an  indicator  of  the  BOD  load  entering 
the  treatment  system).  Phosphorus  concentration  in  the  treated  effluent  is  less  than  1  mg/L 
average,  despite  the  need  for  approximately  200  mg/L  phosphorus  in  the  influent. 

This  experience  suggests  that  a  dedicated  effort  by  ingenious  mill  operating  personnel  can  result  In 
minimal  nutrient  discharges  to  the  environment.  Few  mill  processes  lend  themselves  to  this 
elegantly  simple  way  of  "measuring"  BOD  constantly,  but  the  concept  could  be  developed  in  some 
others,  particulariy  in  mechanical  pulp  mills. 
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5.3.8  AOX  removal  by  biological  treatment 

Biological  effluent  treatment  systems  are  generally  designed  to  remove  BOD  and  acute  toxicity, 
but  incidentally  reduce  the  quantities  of  many  substances  in  the  wastewaters.  Including  AOX. 

The  AOX  removal  perfomTance  of  a  numt)er  of  different  external  treatment  systems  that  has  been 
evaluated.  Wilson  (1991)  concluded  that  the  conventional  biological  treatment  systems  are  the 
best  demonstrated  mill  scale  external  effluent  treatment  technology  available.  The  most  commonly 
used  system  in  i<raft  mills  is  the  Aeration  Stabilization  Basin  (ASB)  while  there  has  been  increased 
interest  in  the  Activated  Siudge  Treatment  (AST)  system.  There  is  a  wide  variation  in  AOX  removal 
efficiency  reported  in  the  iiterature  for  both  types  of  treatment  systems.  Wilson  reported  16% 
to  68%  for  ASBs  and  14%  to  65%  for  AST  systems. 

The  AOX  parameter  measures  a  number  of  chemical  compounds  that  have  varying  degrees  of 
stability.  Samples  stored  in  the  refrigerator  wtil  dechlorinate  10  to  20%  within  one  or  two  weeks. 
AOX  from  the  chiorination  stage  is  sensitive  to  solution  pH  and  wiii  dechlorinate  when  exposed  to  a 
high  pH  and  suiphlde  i.e.  black  iiquor.  The  results  reported  in  the  literature  includes  laboratory 
systems  as  well  as  mill  scale  systems.  High  AOX  reductions  are  usually  associated  with  laboratory 
results.  Little  Information  Is  given  on  what  the  untreated  sample  represents,  or  how  it  was  handled 
prior  to  treatment.  Since  the  handling  of  the  samples  appears  to  have  a  major  impact  on  treatment 
results,  the  authors  have  used  literature  reports  with  caution.  The  wide  variation  in  reported  results 
may  be  the  result  of  the  "Crofton"  effect  discussed  on  page  216. 

For  predicting  the  characteristics  of  the  effluents  from  the  various  BAT  Technology  Trains  in  this 
report  an  AOX  removal  efficiency  of  40%  has  been  taken  as  the  base  for  the  ASB  treatment.  This  Is 
supported  by  Wilson  (1991)  and  by  Vuoriranta  (1989).  For  the  AST  systems,  a  removal  efficiency 
of  35%  has  been  used  as  a  base.  This  is  supported  by  the  above  references  and  by  Rempel 
(1991).  No  difference  In  performance  between  air  and  oxygen  AST  systems  has  been  allowed. 
This  is  supported  by  Rempel  (1^1).  The  authors  are  aware  of  several  ASB  and  AST  systems 
which  have  not  been  reported  in  the  literature,  whose  performance  confirms  the  foregoing  values. 

The  value  used  for  the  ASB  is  higher  than  the  32%  Indicated  in  the  widely  quoted  study  by  Gergov. 
However,  his  conclusions  were  based  on  an  ASB  which  removed  only  49%  of  the  incoming  BOD, 
whereas  ASBs  In  Ontario  are  substantially  more  effective^  in  removing  BOD. 

AOX  removal  may  well  be  In  the  order  of  40%,  but  there  will  be  a  major  difference  in  the 
environmental  impact  of  the  discharged  AOX  depending  on  Its  origin.  The  DOC/AOX  or 
COD/AOX  ratio  may  give  an  indication  of  the  extent  of  chiorination  of  the  organic  matter.  If  this 
figure  Is  low  the  material  Is  highly  chlorinated.  Refer  to  Appendix  C  (MonsterSs)  for  other 
discussion  on  the  specific  removals.  Refer  also  to  page  123. 


^  An  ASB  operating  with  a  BOD  removal  efficiency  of  only  50%  is  either  in  serious  trouble,  or  Is  designed  to  unusual 
standards,  presumably  because  of  unusually  high  permitted  discharge  rates. 
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5.3.9  Removal  of  metalt  in  biological  treatment 


Metals  cannot  be  destroyed,  only  redistributed  in  the  environment.  Biological  treatment  systems 
inevitably  remove  some  proportion  of  metais  from  the  effluent  stream  being  treated.  Analysis  of 
whether  this  is  environmentally  desirable  or  not  is  t>eyond  the  scope  of  the  present  report. 
Generally,  activated  sludge  systems  will  remove  over  half  the  metals  in  an  effluent  stream, 
concentrating  them  in  the  waste  sludge.  Chemically  assisted  coagulation  will  remove  some 
proportion  of  the  metals,  also  concentrating  them  in  the  waste  sludge.  Aerated  stabilization 
basins  have  less  effect. 


The  authors  found  few  data  In  the  literature  on  removal  of  metals  from  pulp  and  paper  Industry 
effluents,  presumably  because  metals  are  not  generally  considered  as  a  major  environmental 
problem  In  this  field.  There  Is,  however,  an  extensive  body  of  literature  and  experience  In  removals 
of  metals  from  domestic  wastewaters  and  metal  processing  Industries.  The  concentrations  of 
metais  of  interest  in  the  latter  are  generally  much  higher  than  those  fourxJ  In  pulp  and  paper  mill 
effluents,  but  many  municipal  effluents  contain  comparable  concentrations  of  metals  to  those 
found  in  the  Ontario  mills  during  the  1990  monitoring  program. 

Metals  removals  in  activated  sludge  treatment  systems 

Many  authors  have  reported  on  the  ability  of  activated  siudge  treatment  systems  to  remove  metals 
from  domestic  wastewaters.  Data  from  the  following  references  were  reviewed:  Aulenbach  1985., 
Brisbin  1984,  Esmond  1974.  Flynn  1979,  Govlnda  1985,  Keinath  1984,  Lue-Hing  1980,  MIchaiczk 
1979,  Neiheisel  1988,  Oliver  1975,  Petrasel<  1983,  Reen  1974,  Robinson  1980,  SOS  1984,  Steeves 
1982,  Stoneroot<  1984,  USEPA,  1982.  and  Woodiwiss  1979.  Information  on  full  scale  operations 
with  Influent  metals  concentrations  in  the  ranges  shown  in  Talale  18  on  page  138  was  extracted  to 
develop  Table  24. 

Table  24  Metal  removal  efficiencies  expected  in  activated  sludge  treatment  systems 

Removal     % 
Metal  Minimum  Average  Comments  (for  concentratlona  in  Ontario  mill  etfluente) 

Minimum  removal  80%  for  influent  >2mg/L 

Minimum  removal  60%  for  influent  >  10  /xg/L 

Removals  independent  of  Influent  concentrations 

Data  very  scattered 

Removal  efficiency  rises  somewhat  with  influent 

concentration 

Very  few  data  available 

Data  very  scattered,  removal  independent  of  influent 

concentration 

Few  data  available 

Data  very  scattered 

Insufficient  data  for  the  low  concentrations  found  in  MISA 

Minimum  removal  40%  for  effluents  greater  than  200  ng/L 

Removal  efficiencies  Indicated  are  based  primarily  on  reported  operating  experience  in  full  scate  activated  sludge 
systems  treating  municipal  wastewaters  with  some  industrial  components. 


Aluminum 

55 

85 

Cadmium 

30 

70 

Chromium 

50 

75 

Cobalt 

10 

40 

Copper 

50 

70 

Molybdenum 

5 

10 

Nici<ei 

10 

40 

Thallium 

? 

75 

Vanadium 

1 

30 

Mercury 

Zinc 

20 

70 
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All  the  metals  removed  from  the  wastewater  streams  are  retained  In  the  waste  activated 
sludge,  and  will  accumulate  at  the  final  disposal  point.  If  the  sludge  Is  Incinerated,  most  of  the 
metals  will  remain  with  the  ash,  and  some  proportion  will  be  discharged  to  atmosphere. 

Metals  removal  in  aerated  stabilization  basins 

There  are  few  published  reports  of  metals  removal  in  aerated  stabilization  basins.  In  principle,  one 
would  expect  very  irttle,  since  the  ASB  is  designed  to  digest  most  of  the  sludge  formed,  and  allow 
the  remainder  to  discharge  with  the  effluent.  The  ASB  Is  effective  in  mineralizing  biodegradable 
organics,  and  aiso  degrades  some  substances  which  couid  be  considered  as  non -biodegradable 
In  the  time  scale  involved  in  an  activated  sludge  system.  However,  the  metals,  being  elements,  can 
never  biodegrade. 

The  references  listed  above  for  the  activated  sludge  systems  include  very  few  data  on  aerated 
stabilization  basin  performance.  Ail  indicate  removal  of  metals  occurring,  but  the  authors  did  not 
consider  the  data  adequate  to  draw  conclusions.  Removals  indicated  were  generally  about  half 
those  Indicated  in  Table  24  for  the  AST  process. 

5.3.10  Theory  vs  practice  In  biological  treatment 

The  actual  performance  of  biological  treatment  systems  frequently  falls  short  of  expectations 
based  on  theory  or  the  somewhat  idealized  world  of  textbooks.  Reasons  for  this  range  from 
sloppy  operation  to  real  technical  difficulties  that  have  not  yet  been  completely  resolved,  despite 
about  100  years  experience  in  building  and  operating  such  systems.  One  purpose  of  this  report  is 
to  assess  the  technological  an6  economic  feasibility  of  achieving  various  levels  of  effluent  quality. 

The  technically  sound  reasons  for  differences  between  practical  periormance  and  expectations 
based  on  research  and  pilot  plants  include: 

Pilot  scale  biological  treatment  systems  operate  In  vessels  with  a  much  higher  waihvolume  ratio 
than  the  full  size  operations.  This  allows  the  development  of  more  effective  biomass  growth.  The 
problem  is.  of  course,  worse  in  very  small  bench  scale  trials  than  where  the  pilot  operation  uses 
tanks  with  capacities  of  hurxlreds  of  litres. 

Many  pilot  studies  are  sheltered  from  real  life  variations  in  raw  effluent  quality,  so  that  some 
particular  aspect  of  the  operation  can  be  studied.  In  the  authors'  experience,  a  high  proportion  of 
reports  on  pilot  biological  treatment  trials  underestimate  the  significance  of  this,  or  where  the 
report  is  realistic,  the  readers  seem  not  to  notice.  Pilot  systems  are  rarely  exposed  to  all  the 
meteorological  variations  experienced  by  a  full  scale  system.  This  is  particularly  important  in 
low-rate  systems. 

It  is  the  authors'  opinion  that  bench  and  pilot  plant  studies  should  be  conducted  under  mill 
environment  conditions  Including  feed  conditions  that  are  representative  of  the  concentration  and 
flow  variation  of  mill  effluent.  The  feed  system  for  many  lab  arxj  pilot  plant  activated  sludge 
systems  is  unintentionally  equivalent  to  an  anoxic  or  anaerobic  zone  discussed  previously  and 
hence  the  experimental  results  do  not  correlate  with  "real  life"  conditions.  The  net  result  is  that  the 
pilot  plant  exhibits  substantially  better  performance  than  does  the  full  scale  installation. 


September  1 .  1 991 .  -  21 1  -  5.3  Biological  Treatment  Processes 

lie  IK  nil:  Miaom  ooc  n 


N.  McCubbin  Consultants  Inc.  BAT  D*«nition  Study,  Pulp  and  Paper  Sector 


A  major,  correctable  cause  of  differences  between  pilot  and  full  scale  operation  is  that  greater 
technical  resources  are  often  directed  toward  the  pilot  systems.  It  cannot  be  over  emphasized  that 
in  all  the  mills  that  the  writers  are  aware  of  with  excellent  performance  of  their  biologicai 
treatment  systems,  considerable  technical  aiKl  personnel  resources  are  committed  to  their 
operation.  Typicai  examples  wouid  inciude  one  or  more  full  time  profess ionais,  arxi  severai 
laixjratory  technicians,  in  addition  to  trained  shift  operators,  and  qualified  mainterwnce  personnel. 
The  professionals  would  be  in  frequent  contact  with  other  operations,  and  would  have  ready 
access  to  technical  conferences  and  specialized  consultants.  The  estimates  of  the  operating  costs 
in  Chapter  8  reflect  this. 

5.3.1 1  Attainable  quality  for  biologicai  treatment  systems 

Virtually  all  monitoring  of  pulp  and  paper  industry  effluents  in  North  America,  including  the  1990 
MISA  monitoring  program,  is  based  on  a  series  of  samples,  each  one  of  which  represents  the 
average  of  24  hours  discharge.  All  comments  in  this  report  should  be  understood  in  this  context. 

Effluent  quality  is  often  defined  in  terms  of  average  values  recorded  for  a  caler>dar  month  and 
maximum  daily  values.  When  evaluating  best  treatment  plant  performances  there  is  scientific  basis 
to  use  30  days  rolling  average  (AVG30),  but  most  regulatory  authorities  in  North  America,  evaluate 
compliance  on  the  basis  of  the  caierxiar  month,  for  administrative  convenience.  To  evaluate  the 
data  presented  in  this  report  on  operating  effluent  treatment  systems,  the  authors  calculated  a  30- 
day  moving  average  wherever  possible,  since  this  provides  a  better  picture  of  the  operation  when 
data  is  available  for  a  few  months  only.  In  practice,  the  worst  average  over  a  calendar  month  will 
be  less  that  the  worst  30-day  moving  average,  except  In  the  rare  event  where  the  two  coincide. 
The  graphs  of  30-day  moving  average  discharge  concentrations  in  this  report  demonstrate  that  the 
practical  difference  will  be  minor. 

There  is  also  a  scientific  basis  for  defining  the  maximum  daily  value  on  a  statistical  basis  that  uses 
a  specified  percentile  of  the  annual  data.  The  annua!  95  percentile  (MAXg^)  Is  frequently  used 
(Mbbius  1991),  meaning  tiiat  the  daily  figure  would  be  below  MAX^^  at  least  340  days  per  year. 
Regulators  of  course  prefer  to  work  with  a  simple  daily  maximum  value,  since  it  is  administratively 
simple,  and  virtually  all  North  American  regulatory  agencies  have  adopted  this  approach. 

The  authors  calculated  the  annual  95  percentile  average  (AVG^g)  to  evaluate  the  long-term 
performance  of  some  treatment  plants.  For  practical  purposes,  this  value  will  be  almost  equal  to 
the  long-term  average,  unless  there  are  few  data  and  several  extreme  values.  This  value  can,  of 
course,  not  be  complied  with  on  a  rolling  30  days  average  or  calendar  month  basis. 

The  MISA  approach  (MISA/IRC  1990)  considers  two  forms  of  Long  Term  Averages.  One  Is 
calculated  after  outliers  have  been  rejected  from  the  available  data,  while  the  other  considers  all 
available  data.  The  latter  is  being  most  generally  used,  and  has  been  adopted  in  this  report.  The 
practical  difference  is  small  where  many  data  are  available,  as  is  the  case  for  substances  listed  in 
Table  25. 

Calendar  month  averages  have  been  used  when  lack  of  data  prevented  calculations  of  30  day 
rolling  averages.  Daily  maximum  values  will  be  referred  to  as  within  the  95  percentile  (MAX^). 
Reference  to  attainable  effluent  qualities  in  this  report  cannot  be  made  without  specifying 
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their  basis,  AVG^  (30  day  rolling  average),  AVG^  (yearly  95  percentile  average),  MAX^ 
(yearly  95  percentile  maximuni)or  LTA  (Long  term  average). 

TabiG  25  presents  the  discharge  concentrations  for  traditional  pdiutants  that  the  authors  consider 
attalr^ble  with  biological  treatment  systems,  treating  pulp  and  paper  irxJustry  wastes  In  Ontario 
conditions. 

Table  25  Attainable  concentrations  for  TSS,  BOD,  P  and  N  In  ASB  and  AST  treatment 


Aerated  stabilization 

basin 

Activated  sludge  treatment 

LTA 

AVG, 

AVG3„ 

MAX^ 

LTA 

AVG„ 

AVG3,    MAX„ 

TSS 

46 

45 

55 

70 

21 

20 

30           40 

BOD 

21 

20 

30 

50 

11 

10 

15           25 

Total  Phosphorus 

0.8 

0.8 

1.0 

1.5 

0.8 

0.8 

1.0         2.0 

Total  Kjeldahl  Nitrogen 

9 

9 

10 

18 

10 

10 

12          20 

NHj-Nitrogen 

1.7 

1.5 

2.0 

4.5 

0.9 

0.8 

2.0         6.0 

NOj-Nttrogen 

0.7 

0.5 

1.2 

2.0 

0.7 

0.5 

0.8          1.0 

Data  are  shown  as  mg/L  Th«  presentation  of  this  table  in  mg/L  does  not  imply  that  the  authors  consider  regulations 
should  be  expressed  in  mg/L  These  concentrations  are  only  intermediate  values  for  calculations  to  arrive  at  actual 
loads  in  kg/tonne^.  LTA  (Long  term  average) 

AVG3Q  (30  days  rolling  average)  AVG^  (Annual  95th  percentile  average)        MAX^  (MEwimum  day,  SSth  percentile) 

The  above  tat»le  Is  a  compromise  between  BOD/TSS  performance  and  allowabie  nutrient 
discharges.  Korsn^s  and  MonsterSs  are  two  Swedish  bleached  Itraft  mills  that  both  have  aerated 
stabilization  basins  (ASB).  The  following  figures,  in  Talale  26,  illustrate  this  compromise  in  the  fact 
that  MonsterSs  has  the  better  TSS/BOD  performance,  but  Korsnas  has  the  better  Tot-P/Tot-N 
performance.  However,  neither  of  these  mills  have  exemplary  ASB  performances. 

Table  26  ASB  Performance  at  Monster&s  and  Korsnas 


Monster&s  Korsnas 


BOD,                                               31  78 

Tot-P                                               2.5                           0.35 
Tot-N 9 4.3 

The  data  are  shown  as  mg/L,     Long  term  average. 


The  foilowing  discussion  summarizes  the  rationale  behind  the  figures  presented  in  Tatjie  25. 

Long  term  operating  data  were  studied  for  the  mills  presented  In  Appendix  C.  Mso,  data  and 
operating  problems  from  the  authors  experience  over  the  past  20  years  within  the  North  American 
and  European  industry  and  with  regulatory  agencies  were  considered.  Table  27  shows  data  for  a 
number  of  the  better  treatment  plants  identified.  Two  of  these  mills  are  more  than  50  years  old  and 
have  treatment  plants  built  in  the  1950s  with  various  modifications  since  their  installation.  One  is  a 
greenfield  miil  started  up  in  1990  (ANC).  This  mill  is  not  subject  to  any  nutrient  control  regulation. 
The  plots  of  AVGgo  for  the  parameters  in  discussion  are  shown  in  Appendix  C. 


^  Hyfta,  Sweden  (Appendix  C)  discharges  BOD  76  mg/L,  TSS  53  mg/L.  Tot-P  0.7  mg/L  and  Tot-N  3.6  mg/L  as  an  annual 
average.  However  their  water  consumption  is  only  12  m-^ /tonne,  so  the  effective  loadings  are  very  low. 
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The  AVGgg  performance  quite  logically  shows  lower  numbers  than  the  MG^.  In  extreme  situations 
the  AVG30  may  even  exceed  the  MAX3Q,  because  the  extreme  peaks  are  excluded  from  the  latter. 

Table  27  Effluent  discharge  concentrations  for  selected  mills 


Mill  name 

K-C 
Terr.  B 

Eddy 
Espanola 

HInton 

ANC 

Canton 

Glatfetter 

Treatment  plant 

ASB 

ASB 

ASB 

AST 

AST 

AST 

TSS 

MAX^ 

62 

46 

6Z 

30 

40 

36 

AVG3, 

55 

41 

43 

31 

36 

30 

AVG„ 

42 

24 

34 

12 

21 

21 

Long  Term  Average 

43 

25 

38 

12 

22 

21 

Maximum  recorded 

76 

66 

78 

107 

164 

50 

BOD 

MAX„ 

30 

32 

33 

20 

19 

16 

AVG3, 

30 

26 

29 

12 

15 

15 

AVG^ 

15 

16 

25 

8 

12 

9 

Long  Term  Average 

16 

17 

24 

8 

11 

9 

Maximum  recorded 

43 

120 

41 

34 

31 

60 

Phosphorus 

MAX^ 

0.60 

0.65 

2.48 

14.10 

0.23 

AVG3„ 

0.60 

0.75 

1.88 

13 

0.22 

AVG^ 

0.50 

0.50 

0.99 

7.2 

0.18 

Long  Term  Average 

0.5 

0.5 

0.8 

9 

0.23 

Maximum  recorded 

0.6 

0.75 

3 

19 

0.2& 

NH3+NH4+-N 

MAX^ 

1.80 

1.08 

4.40 

2.77 

1.75 

AVG3„ 

1.5 

1.25 

4.10 

1.83 

1.28 

AVG, 

0.74 

0.90 

2.98 

1.60 

0.56 

Maximum  recorded 

1.5 

1.25 

5 

4.7 

2 

All  data  were  calculated  by  authors  from  operating  reports,  and  are  expressed  in  mg/L 
Refer  to  Appendix  C  for  descriptions  of  mills  and  sources  of  data 

Total  Suspended  Solids 

Biological  treatment  results  in  loss  of  some  bio-solids  mass  (TSS)  in  the  final  treated  effluent. 
Generally  AST  is  capable  of  realizing  a  lower  secondary  effluent  TSS  than  is  possible  with  ASB 
treatment.  This  is  because  AST  exhibits  natural  flocculating  properties  whereas  ASB  system 
effluents  exhibit  disperse  growth  bioceil  TSS  which  is  difficult  to  settle.  Excellent  activated  sludge 
final  effluent  TSS  is  often  about  20  mg/L  AVG95.  30  mg/L  AVG30  and  40  mg/L  MAX^.  This  is 
achieved  by  the  ANC  arxl  Canton  mills.  Excellent  ASB  final  effluent  TSS  may  be  expected  to  be 
less  than  45  mg/L  AVG^^,  55  mg/L  AVG30  and  70  mg/L  MAX^.  However,  a  mill  such  as  Kimberty- 
Clark  (Terrace  Bay)  has  exceiient  performance  for  BOD  (15  mg/L  AVG^^)  whereas  the  TSS  is 
around  45  mg/L  AVG^. 
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BOD 

Low  BOD  values  are  often  associated  with  high  levels  of  nutrients,  but  as  shown  in  ApperxJlx  C, 
this  is  not  so  for  the  Glatfelter  mill.  ANC  and  Canton  both  demonstrate  perforn^nce  superior  to 
the  15  mg/L  AVG30  and  25  mg/L  MAX^^  figure  given  in  Table  25.  ASB  cannot  achieve  the  same 
level  of  BOD  for  the  reasons  discussed  on  page  212.  However,  Kimber1y-Ctarl(  O'errace  Bay), 
Weldwood  (Hinton),  and  E.B.  Eddy  (Espanoia)  show  performances  superior  to  the  30  mg/L  AVGq^ 
and  50  mg/L  MAX^  figures  shown  in  the  table. 

Phosphorus 

Several  of  the  mills  discussed  in  ApperKiix  C  have  demonstrated  their  ability  to  maintain  30  day 
rolling  average  phosphorus  discharges  below  1  mg/L 

For  mills  with  activated  sludge  treatment  systems,  Hytta  discharges  1.1  mg/l_  annual  average,  but 
with  the  exceptionally  low  effluent  flow  of  12  m-^/tonne  newsprint  produced,  the  phosphorus 
loading  is  quite  low.  Alberta  Newsprint  phosphorus  discharges  are  much  higher,  although  Its 
effluent  complies  with  local  requirements  In  all  respects.  Personal  contact  with  the  mill  staff 
indicated  that  their  philosophy  at  start-up  was  to  ensure  sufficient  nutrients  for  efficient  BOD 
removal  arxi  minimal  TSS  discharges.  More  recently  measures  to  reduce  phosphorus  discharges 
have  been  initiated.  The  data  in  Appendix  C  demonstrate  a  steady  reduction  in  phosphorus 
discharges. 

The  Glatfelter  mill  provides  an  extreme  example.  It  has  one  of  the  oldest  activated  sludge 
Installations  in  the  pulp  and  paper  Industry  in  North  America.  The  mill's  biotogicat  treatment 
system  has  consistently  been  considered  the  "Best  of  the  Best"  by  NCASI  and  EPA  during  the  past 
twenty  years,  e.g:  P  discharge  of  0.1  mg/L.  The  plant  has  been  well  known  for  many  years  as 
f^vlng  an  exceptionally  competent  operating  team,  with  strong  management  support.  The 
company  was  picked  as  the  "best  managed  paper  company  in  the  US"  because  of  its  ability  to 
keep  its  operations  well  tuned  to  success  over  a  significant  span  of  time  (Cox  1991).  Cox  was 
apparently  referring  to  the  company's  125  year  financial  and  labour  relations  record,  but  also 
mentioned  their  successful  environmental  program.  The  mill  Is  located  on  a  small  receiving  water, 
and  has  been  under  strong  environmental  pressure  for  at  least  30  years.  Their  data  has  on  many 
occasions  undergone  scrutiny  by  the  USEPA,  Pennsylvania  DNR  and  NCASI.  Glatfelter's  effluent 
data  performance  has  stood  the  test  of  time  for  more  than  two  decades;  more  scrutiny  than  any 
other  mill  in  North  America.  The  authors  do  not  consber  such  a  low  phosphorus  discharge  to  be 
BAT,  since  they  were  unable  to  find  any  other  plant  which  has  reproduced  the  performance. 
However,  this  example  does  demonstrate  that  the  potential  exists  for  further  improvements  in 
phosphorus  discharges  for  AST  systems. 

The  ASBs  at  the  Terrace  Bay  and  Espanoia  kraft  mills  discharge  less  than  1  mg/L  most  of  the  time, 
and  the  annual  average  for  Korsnas  is  as  low  as  0.35  mg/L  (with  probably  a  BOD  tradeoff). 
Therefore  slightly  lower  Tot-P  figures  can  be  obtained  for  ASB  systems. 
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Review  of  the  foregoing  data,  and  experience  elsewhere,  led  the  authors  to  conclude  that  the 
phosphorus  discharges  shown  in  Table  25  are  attainable,  assuming  adequate  design  and  diligent 
operation.  The  1  mg/L  AVG^o  and  2  mg/L  MAX^  figure  for  AST  is  supported  by  European  pulp 
and  paper  mill  treatment  plant  experience  {Mobius  1991).  ASBs  frequently  have  lower  discharges 
of  nutrients. 

Nrtrogen 

Good  process  control  for  ammonia  N  leads  to  concentrations  around  1  mg/L.  However,  due  to 
fluctuations  in  the  influent  BOD,  spikes  of  ammonia  up  to  10  mg/L  may  be  unavoidable 
(Mobius  1991).  The  only  way  to  effectively  reduce  this  figure  is  to  add  nutrients  as  a  function  of  the 
BOD  load.  The  BOD  load  can  be  assessed  in  a  number  of  ways,  but  some  form  of  on-line 
determination  Is  necessary  to  achieve  effective  control  of  nitrogen  discharges.  In  the  example 
given  on  page  208,  the  BOD  load  was  assessed  indirectly  from  the  pulp  production.  Instruments 
are  now  becoming  available  to  estimate  BOD  loads  on-line,  as  discussed  on  page  207. 

It  follows  that  ammonia  N  can  be  controlled  to  an  MG^  of  2  mg/L  and  a  MAX^^  of  6  mg/L  for  AST. 
A  sludge  that  Is  short  of  nrtrogen  nutrients  has  poor  settling  abilities  and  can  cause  poor 
performance  of  the  treatment  plant.  Again  an  ASB  should  perform  slightly  better  In  terms  of 
ammonia.  There  is  a  tradeoff  between  low  BOD/TSS  and  low  ammonia/ammonium/phosphate  in 
that  a  high  influent  BOD/TSS  load,  often  exceeding  1000  mg/L,  can  only  be  treated  efficiently  in  an 
AST  system  after  adding  substantial  quantities  of  ammonia  and  phosphate. 

Nitrate  Is  not  a  problem  in  pulp  arKf  paper  mill  effluents  Hinton  reports  values  well  below  0.5  mg/L 
for  an  ASB  (Appendix  0).  An  AST  with  an  anoxic  selector  stage  will  eliminate  any  nitrates  that  may 
have  been  formed  by  nitrification  of  ammonia.  The  attainable  values  presented  in  Table  25  are 
lower  than  the  present  USEPA  drinking  water  criteria  of  1 0  mg/L  NO3. 

Extremely  low  discharges  for  Total-N  are  unattainable  (and  probably  unnecessary),  because  there 
may  be  a  certain  percentage  of  the  influent  nitrogen  that  is  persistent,  in  the  order  of  7% 
(Grau  1991).  Sludge  that  is  starved  In  nitrogen  tends  to  form  filamentous  sludge  with  poor  settling 
abilities.  Activated  sludge  plants  for  municipal  sewage  in  Denmark  generally  have  performed 
better  than  8  mg/L.  MonsterSs  reported  9  mg/L  as  an  annual  average  for  an  ASB,  but  Korsnas 
was  better  4.3  mg/L.  Faced  with  the  chance  of  having  a  fair  amount  of  persistent  nitrogen  and  the 
consequences  of  having  a  nitrogen  stan/ed  sludge  the  Tot-N  attainable  level  is  probably  not  lower 
than  10  mg/L  for  AVG95  and  20  mg/L  for  MAXgs.  The  lower  figure  for  ASB  reflects  the  lower 
ammonia  level. 


5.4  Tertiary  Treatment 

5.4.1  Crofton  caustic  treatment  process  for  AOX  removal 

This  process  could  be  considered  to  be  "in-plant",  but  since  it  consumes  chemicals  and  does  not 
involve  any  recovery  of  useful  material.  It  Is  considered  by  the  present  authors  as  an  external, 
physical-chemical  effluent  treatment  system  for  selected  streams. 
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A  caustic  treatment  process  involving  neutralization  of  bleach  plant  effluent  with  lime  mud  and 
alkaline  sulphide  process  liquor  has  been  developed  at  the  Retcher  Challenge  Inc.  mill  In 
Crofton,  BC.  The  pH,  reaction  time,  and  temperature  are  controliing  parameters.  AOX  reductions 
of  60  to  70%  are  reported  to  be  attainable  by  this  method  prior  to  effluent  treatment.  The  treatment 
and  experience  leading  to  the  method  are  detailed  by  Milosevich  and  IHill  (1991). 

This  process  is  an  example  of  how  technology  is  frequently  developed  In  the  pulp  an6  paper 
industry,  as  outlined  in  the  discussion  on  science  vs  technology  in  this  report.  The  mill  staff 
observed  some  unexplained  occurrences  when  carrying  out  pilot  plant  trials  Intervded  to  assist  in 
the  design  of  a  secondary  treatment  system.  Their  investigative  program  lead  them  to  the  caustic 
treatment  process.  The  results  have  been  confirmed  by  PAPRICAN  and  by  another  mill. 

The  organochlorines  are  apparently  dechlorinated,  so  that  the  chlorine  ions  initially  combined  with 
organics  will  be  discharged  as  harmless  sodium  chloride. 

The  Crofton  experience  perhaps  explains  some  of  the  Inconsistencies  reported  in  the  literature, 
and  some  of  the  conflicting  reports  from  mills.  There  have  been  reports  of  AOX  reductions  across 
secondary  treatment  systems  that  cover  a  10  to  75%  range.  There  are  also  reports  that  there  are 
unexplained  drops  in  AOX  between  the  bleach  plant  and  the  entrance  to  the  treatment  system. 
Reasons  were  not  identified  and  these  inconsistencies  were  considered  to  be  in  keeping  with  AOX 
itself  which  is  an  inconsistent  collection  of  chlorinated  components.  In  these  reports,  there  are  few 
details  of  how  the  effluent  was  handled  from  one  point  to  another.  This  is  especially  true  for 
laboratory  results  which  prot)ably  considered  effluent  extracted  from  t)leached  pulp  to  be  the  same 
as  the  feed  to  the  treatment  system. 

Although  this  process  is  not  demonstrated  technology  at  this  time,  the  experience  explains  some 
of  the  high  reductions  of  AOX  achieved  in  laboratory  trials  that  could  not  be  duplicated  in  the  field. 
It  also  demonstrates  the  difficulty  in  trying  to  forecast  levels  of  a  substance  such  as  AOX. 

Patents  for  the  method  have  been  applied  for,  with  the  intent  of  recording  the  source  of  the 
technology.  This  will  prevent  someone  else  obtaining  a  patent  for  which  the  ir>dustry  would  have 
to  pay  royalties. 

5.4.2  Granular  filtration 

Biological  treatment  systems  lose  some  bio-solids,  measured  as  total  suspended  solids  (TSS)  In 
the  final  treated  effluent.  Granular  filtration  with  a  variety  of  media  can  be  utilized  to  reduce  TSS 
discharges,  with  consequent  reductions  in  BOD,  nutrients  and  other  pollutants  to  the  extent  that 
they  travel  with  the  solids.  In  the  pulp  and  paper  industry  granular  filtration  of  effluents  is  limited  to 
tertiary  treatment  following  a  biological  wastewater  treatment  process. 

The  equipment  and  process  are  similar  to  the  granular  filters  used  very  widely  for  removal  of 
suspended  solids  from  municipal  and  industrial  water  supplies. 

Early  industry  studies  (Edde  1968)  demonstrated  that  filtration  should  only  be  applied  to  well 
oxidized  effluents  to  remove  the  last  residuals  of  TSS  and  its  associated  BOD.  It  is  generally 
impractical  to  filter  raw  pulp  and  paper  mill  effluents,  since  the  quantity  and  fibrous  nature  of  the 
solids    cause    rapid    plugging    of   the   fitter.       Biologically   treated    effluent    with    substantial 
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concentrations  of  soluble  BOD  remaining  is  liable  to  form  sufficient  biological  growth  on  the 
granular  filter  to  impede  operation,  or  at  least  limit  capacity.  The  efficiency  of  granular  filtration  is 
dependent  upon  the  degree  of  biological  flocculation  achieved  In  the  secorxJary  process.  A  well 
flocculated  biological  effluent,  as  is  obtained  with  a  properly  operated  activated  sludge  treatment 
system,  can  be  filtered  much  more  effectively  tf>an  the  fine  solids  discharged  from  an  aerated 
stabilization  basin.  The  authors  are  not  aware  of  any  successful  full  scale  applications  of  granular 
filtration  to  ASB  effluent. 

The  BOD  removed  from  the  effluent  from  the  secondary  treatment  stage  by  granular  filtration, 
following  AST,  can  be  estimated.  Based  on  a  F:M  loading  of  0.35  and  removal  of  30  mg/L  volatile 
suspended  solids  (VSS)  by  the  filter,  the  BOD  removed  would  be  approximately 
0.28  kg  BOD/kg  VSS  (Eckenfeider  1974).  The  BOD  removal  across  the  filter  would  be  therefore  by 
(0.28  X  30)  =  8.4  mg/L  BOD,  If  the  F:M  loading  were  higher,  say  0.6.  the  BOD  removed  would  be 
approximately  0.6  kg  BOD/kg  VSS  and  the  BOD  removed  across  the  filter  would  be  (0.6  x  30)  = 
18  mg/L  This  illustrates  the  well  known  phenomenon  that  a  high  F:M  loading  in  an  AST  system 
results  In  a  more  biologically  active  floe  in  the  final  effluent.  Conversely,  final  effluent  from  a  long 
retention  (>  7  days)  ASB  will  have  a  less  biologically  active  fioc  in  the  final  effluent,  so  that 
suspended  solWs  removed  by  filtration  would  have  a  lesser  effect  on  the  BOD  discharged. 

Typical  BOD  and  TSS  removals  In  multi-media  filter  studies  are  presented  in  Table  28.  The 
kg  BOD/kg  TSS  removal  results  suggest  that  mills  1  and  4  are  AST  and  mills  2  and  3  are  ASB.  This 
is  a  correct  assumption.  Although  full  scale  filtration  has  been  applied,  following  biological 
treatment,  in  at  least  two  North  American  mills  (WhiUemore  1978),  plain  filtration  of  biologically 
treated  effluent  rarely  achieves  greater  than  50%  removal  of  TSS, 

Table  28  Typical  performance  of  effluent  filtration  pilot  systems 


Field 


BOD  Removal 

Millipore 


TSS  Removal 


BOD* 


BOD:  TSS 


mg/L 

% 

% 

mg/L 

mg/L 

% 

1^ 

15 

30 

50^ 

20° 

40 

50 

0.33 

2fi 

10-15 

15 

50 

30-60 

200 

80 

0.05-0.10 

3» 

10 

25-30 

30 

25 

40-70 

55 

0.14-0.25 

4b 

10-15 

25-30 

55° 

20° 

25 

35 

0.4-0.6 

»     Residual  soluble  BOD  ''     Plain  filtration 

^     Estimated;  based  on  earlier  BOD  (soluble)  analysis  of  same  wastewater 

''     2  mg/L  Nalcolyte  added  •     1  mg/L  Nalcolyte  added 
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Mill  experience 

The  Australian  Newsprint  Mill  Limited,  Albury,  New  South  Wales,  Australia  (ANM-Albury)  Is  a 
220,000  tonnes  per  year  newsprint  mill  that  uses  dual  media  granular  gravity  filters  for  tertiary 
treatment  of  the  effluent.  The  filters  are  rated  at  12  m/hr  and  are  automatically  tjackwashed  on 
detection  of  an  increase  In  head  difference.  Backwash  water  is  filtered  treated  wastewater, 
chlorinated  to  prevent  biological  growth  on  the  filters.  Backwash  water  is  returned  to  a  spill  pond 
(Thurley  1985). 

The  two  secondary  clarlfiers  are  operated  in  series,  and  the  downstream  one  is  referred  to  as  the 
tertiary  clarlfier  (this  is  non-standard  terminology).  Granular  filtration  at  the  ANM  -  Albury  mill  Is 
located  downstream  of  a  holding  lagoon  with  approximately  5  days  retention.  TSS  are  measured 
after  tertiary  clarification  and  also  after  granular  filtration.  The  long  term  average  TSS  from  the 
tertiary  clarlfier  is  15mg/L  However,  TSS  can  increase  in  the  holding  lagoon  because  of  the 
activities  of  water  birds,  aquatic  animals  and  algae  growth.  The  long  term  TSS  in  the  discharge 
from  the  final  filters  is  12  mg/L  There  are  no  polymers  or  any  other  chemicals  added  to  enhance 
filter  performance  (Personal  communication  with  Mr.  Coghill  of  ANM  in  1991). 

The  ANM  -  Albury  mill  filtration  beds  are  made  up  of  several  layers  of  material.  Above  the  under- 
drain  nozzles  are  two  layers  of  gravel,  sized  to  provkle  support  for  the  filter  sand.  A  bed  of  filter 
anthracite  provides  coarse  filtration.  This  anthracite,  maintains  its  position  above  the  sand  during 
the  backwash  operation  because  of  its  lower  specific  gravity.  Influent  flows  through  anthracite, 
then  sand,  then  through  support  gravel  and  finally  passes  out  through  the  nozzles  and  under 
drains.  Table  29  presents  the  technical  data  for  the  filter. 

Table  29  Granular  filter  technical  data 


Filter  flow  rate  designed 
Filter  bed  area 


4500  mVday 
15.4  m2 


Fitter  bed  Media 

Gravel  1 
Gravel  2 
Sand 

Anthracite 
Total 


m'  volume 

2.3 

1.5 

7.7 

15.4 

27  m^ 


Material  size 
6-  13  mm 
3  -6  mm 
1  -2  mm 
2.4  -  8  mm 


Working  head:  clean  filter  to  wash  point 

Available  air  supply  for  air  scour 

Available  water  supply  for  watew/ash 

Nominal  water  rise  rate 

Stage  1 

Stage  2 

Backwash  duration 

Air  scour 

Water  wash 

Minimum  interval  between  washes 

Maximum  interval  between  washes 


0-2  m 

14m3@32kPa 
280  l/s 

3m/h 
26m/h 

5  minutes 

4  minutes 

Probe  controlled  by  head  loss 

36  hours 
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Table  30  presents  the  estimated  cost  of  filtering  biologically  treated  effluents.  The  costs  would  be 
approximately  the  same  regardless  of  the  type  of  mill  production  but  depends  on  effective 
secondary  treatment  upstream.  Capital  and  operating  cost  are  closely  related  to  the  wastewater 
throughput  rate  and  the  TSS  load  recovered  in  the  filter  which  will  affect  frequency  of  backwash 
requirements.  Both  capital  arxl  operating  costs  are  nearly  directly  proportional  to  wastewater  flow 
rate  (Coghiin  987). 

Table  30  Granular  filtration  capital  and  operating  costs 

Effluent  flow  (mVday)       CapRal  cost     Operating  cost/year 

10,000                                             $2,234,000  $348,000 

30.000                                             $5,388,000  $936,000 

60,000                                             $9,382,000                      $1 ,748,000 
100,000 $14.116,000 $2,769.000 

Attainable  effluent  quality 

There  are  relatively  few  data  available  on  the  performance  of  granular  filters  processing  pulp  and 
paper  mill  or  similar  effluents.  While  granular  filtration  Is  fairly  widely  used  to  improve  the  quality  of 
municipal  effluents,  it  is  rarely  applied  to  the  effluent  from  well  designed  and  operated  activated 
sludge  systems. 

The  following  data  on  granular  filtration  performance  has  been  assumed  for  the  purposes  of 
calculation  in  this  report.  The  authors  consider  that  these  are  the  best  estimates  that  can  be 
developed  with  the  Information  available. 


TSS 

15mg/L 

BOD 

11  mg/L 

Phosphorus 

0.5  mg/L 

5.4.3  Chemically  assisted  coagulation  (CAC) 

Chemically  assisted  coagulation  is  a  form  of  tertiary  treatment  that  may  be  used  for  additional 
TSS/BOD  removal  following  biological  treatment,  in  addition  to  TSS/BOD  reductions,  several 
other  constituents  of  concern  are  removed  by  chemically  assisted  coagulation.  The  process 
requires  a  short  retention  time  basin  (approximately  10  to  20  minutes)  where  secondary  ciarifier 
effluent  and  coagulants  are  intermixed  before  entering  a  tertiary  ciarifier.  The  benefits  of 
chemically  assisted  coagulation  may  include  reduction  of  discharges  of  BOD/TSS.  colour,  AOX. 
dioxin,  phosphorus  (nutrient)  and  heavy  metals.  The  major  disadvantages  are  high  costs  and 
generation  of  sludge  which  is  difficult  to  dewater  and  may  contain  excessive  inorganic  content  for 
incineration.  In  a  typical  case,  100  to  200  mg/L  alum  may  be  added  to  an  effluent  to  reduce  TSS 
from  30  to  15  mg/L.  The  sludge  removed  from  the  tertiary  ciarifier  would  contain  most  of  the  alum 
added,  so  that  the  removal  of  one  tonne  of  suspended  solids  would  cause  the  production  of 
5  to  10  tonnes  of  sludge  (dry  weight).  This  sludge  would  carry  50  or  more  tonnes  of  water  per 
tonne  solids,  and  could,  at  best,  be  dewatered  to  about  30%  consistency,  resulting  In  the  need  to 
landfill  15  to  30  tonnes  of  wet  sludge  for  each  tonne  suspended  solids  removed  from  the  effluent. 
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Phosphorus 

One  of  the  principal  uses  of  chemically  assisted  coagulation  Is  for  stabilizing  phosphorus 
discharges  from  activated  sludge  plants. 

Improved  precipitation  foiiowing  the  secondary  ciartfier  In  conventional  biological  treatment  may 
be  used  to  achieve  iower  phosphorus  concentrations  in  the  final  effluent  at  the  cost  of  additional 
sludge  handling  problems,  as  mentioned  above.  The  sludge  is  not  suitable  for  incineration 
because  it  Is  predominantly  inorganic  (although  this  is  practised  at  the  Hylta  newsprint  mill. 
Sweden).  Cation  precipitates  of  Ca(0H)2  AijjISOJj  or  FeClg  are  commonly  used.  Salts  of  iron  and 
aluminium  are  the  most  commonly  used. 

The  precipitates  are  removed  by  tertiary  clariflers  (or  a  filter  as  discussed  on  page  216).  The 
additional  sludge  n^ss  and  volume  increases  as  the  total  phosphorus  residual  Is  lowered,  and  can 
reduce  phosphorus  concentration  to  less  than  0.5  mg/L.  Anionic  polymer  addition  of  0.1  to 
0.5  mg/L  are  routinely  used. 

The  dose  of  the  metal  salt,  polymer,  and  supplemental  ali<alinity  required  is  based  on  observed 
performance.  The  dosages  are  typically  set  higher  than  needed  to  account  for  fluctuations  in 
phosphorus  loading.  At  low  effluent  phosphorus  limits  (P  about  0.5  mg/L)  violations  of  the 
regulatory  requirement  on  a  single  day  can  raise  the  monthly  average  above  allowable  levels, 
which  can  lead  operators  to  over-dosing  with  metal  salts.  To  comply  with  low  phosphorus  limits, 
metal  salt  addition  controls  must  be  closely  monitored. 

When  using  alum  coagulation  in  the  presence  of  adequate  alkalinity  the  chemical  reaction  is: 

M^iSOX  +  6  HCO; >  2AI  (0H)3  +  3S0^'  +  600^ 

The  aluminium  hydroxide  fioc  is  voluminous  and  gelatinous.  In  the  presence  of  phosphates,  the 
following  reaction  also  occurs: 

AI,{S0,)3  +  2  PO''      >  2AI  PO,  +  3  SOf 

The  phosphate  removal  mechanism  above  pH  of  6.3  is  either  by  incorporation  in  a  complex  with 
aluminium  or  by  adsorption  on  aluminium  hydroxide  floe.  In  practice  the  alum  dosage  required 
depends  on  the  final  phosphorus  concentration  required  arxi  the  chemical  characteristics  of  the 
particular  wastewater.  The  required  alum  dose  for  chemically  assisted  coagulation  varies 
considerably  with  alum  doses  greater  than  200  mg/L  being  required  in  some  cases  to  realize  a 
1  mg/L  total  phosphorus  residual  in  the  chemically  assisted  final  effluent  (Gulp  1971). 

Cost  of  chemically  assisted  coagulation  following  AST 

Chemically  assisted  coagulation  by  adding  settling  aids  to  the  influent  to  the  secondary  clarifier 
represents  a  small  capital  cost  and  is  common  practice,  but  is  limited  to  ensuring  that  the  AST 
performs  well. 

A  tertiary  clarifier  downstream  of  the  secondary  clarifier  is  required  to  realize  the  full  potential  of 
chemically  assisted  coagulation.    For  purposes  of  discussion,  the  capital  ar>d  operating  cost  for 
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phosphorus  removal  using  alum  treatment  will  be  illustrated.  In  addition  to  phosphorus  removal, 
suspended  solids  (TSS),  BOD,  colour  and  trace  metals  will  also  be  reduced  by  varying  extents. 
Alum  coagulation  avoids  the  problems  of  pH  adjustment  inherent  with  lime  coagulation  and  avoids 
the  difficulties  associated  with  the  use  of  Iron  salts. 

Alum  in  the  form  of  aluminium  sulphate  reacts  with  orthophosphate  and  alkalinity.  Since  pulp  arxJ 
paper  Industry  effluents  are  deficient  in  phosphorus,  the  only  reasonable  location  is  after  biological 
treatment.  At  the  present  time,  there  is  no  economical  means  of  recovering  alum  from  sludge  and 
therefore  it  is  processed  and  disposed  of  along  with  other  sludges.  As  alum  sludges  are  generally 
inorganic,  It  is  not  normally  reasonable  to  incinerate  them,  so  they  become  a  solid  waste  dIsposaJ 
prot)lem. 

Alum  can  remove  up  to  approximately  70%  to  80%  of  the  phosphorus  in  final  effluent  (Gulp  1980). 
Actual  removals  are  highly  deperxJent  on  initial  concentrations,  with  efficiencies  dropping  for  inlet 
concentrations  under  2  mg/L 

The  costs  for  phosphorus  removal  by  alum  coagulation-sedimentation  as  estimated  for  a 
40,000  m=/day  final  effluent  flow,  are  presented  in  Table  31 .  Cost  indices  were  used  to  adjust  the 
costs  to  current  levels  applicat>le  to  Ontario. 

Table  31  Chemically  assisted  coagulation  costa 

Unit  process Input  design  parameter 

Capacity  40,000  m^/day 

Pumping  to  chemical  treatment  1 5  m 

Alum  feed,  liquid  (100  mg/L)  $150.00/t  alum  320  kg/hr 

Polymer  feed  (0.5  mg/L)  $6.40/kg  polymer  20  kg/day 

Rapid  mix  (30  seconds)  1 4  m^ 

Flocculator  (20  minutes)  550  m^ 

Sedimentation  1 .4  m/hr 

Chemical  sludge  pumping  (add  $40/1000  m^  for  900  mVday 

sludge  disposal  or  $300 /ton  of  solids) 

Total  capital  cost  $4,300,000 

Annual  operating  cost $1,300,000 

Source  :  Edde  1990 

Polymers  or  polyelectrolytes  are  often  added  to  coagulation  sedimentation  operations  as  settling 
aWs.  They  Increase  the  settleability  of  fine,  light  floes.  The  selection  and  dose  of  polymers  is  on  a 
trial -and -error  basis,  sometimes  simplified  by  laboratory  testing,  but  almost  always  requiring  pilot 
or  full-scale  testing  and  extensive  technical  support. 

Polymer  is  provkled  as  a  settling  aid.  Cost  estimates  for  polymer  feed  systems  are  based  on  the 
use  of  dry  polymer  fed  manually  to  a  storage  hopper  located  on  the  chemical  feeder.  Chemical 
feed  equipment  is  based  on  preparation  of  a  0.25  %  stock  solution. 

Chemical  sludge  originating  in  the  clarrfier  Is  difficult  to  dewater  which  accounts  for  the  high  unit 
process  cost  in  Table  31.  Site  requirements  for  coagulation  sedimentation  are  typically  about 
1 00  m^/m^  per  day.  The  exact  space  requirements  will  be  site  dependent. 
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Performance 

The  following  data  on  chemically  assisted  coagulation  process  performance  have  been  assumed 
for  the  purposes  of  calculation  In  this  report.  The  authors  consider  that  these  are  the  best 
estimates  that  can  t>e  developed  with  the  Information  available.  In  practice,  the  performance  is  a 
trade-off  between  costs  of  chemicals  and  sludge  disposal  against  effluent  quality.  If  high  chemical 
doses  are  used  to  anain  very  low  effluent  loadings,  the  quantity  of  sludge  generated  can  rise 
substantially,  and  disposal  in  an  environmentally  sound  manner  will  generally  be  more  difficult. 


30  day  average 

Long  Term  Average 

TSS 

15  mg/L 

10  mg/L 

BOO 

11  mg/L 

7  mg/L 

Phosphorus 

0.5  mg/L 

4  mg/L 

5.5  Management  Practices 

The  design  criteria  and  construction  techniques  used  In  developing  a  greenfieid  mill  or 
implementing  water  poliution  control  facilities  in  an  existing  mill  play  a  major  role  in  protecting  the 
environment.  After  the  mill  is  operating,  conditions  may  be  revealed  that  could  put  the  receiving 
environment  at  risk.  A  Best  Management  Practices  Plan  (BMP  Plan)  is  targeted  at  identifying  these 
specific  conditions.  There  Is  also  an  ongoing  need  to  monitor  changes  due  to  plant  age,  and 
modifications  made  to  processes.  A  well  developed  plan  is  an  environmental  tool  tfial  can  be 
useful  throughout  the  life  of  a  plant. 

The  concept  of  a  Best  Management  Practice  Plan  is  to  determine  the  potential  for  toxic  and 
hazardous  chemicals  to  reach  the  receiving  environment  and  to  act  appropriately.  The  plan 
involves  a  program  of  inspections  and  risk  analyses  designed  to  identify  possible  inckJents  that 
would  put  the  receiving  environment  at  risk,  and  to  develop  action  plans  to  counteract  any  such 
Wentlfied  risks.  Effectively  a  Best  Management  Practices  Plan  is  a  collection  of  plans  developed  to 
take  preventive  measures  for  protecting  the  receiving  environment  from  potential  risks  including 
those  not  covered  explicitly  by  discharge  permits  and  control  orders. 

A  plan  involves  reporting  incidents,  materials  compatibility,  good  housekeeping,  preventive 
maintenance,  inspections  and  records,  security,  and  training.  Each  of  these  areas  is  a  normal 
function  of  mill  management  in  a  well  managed  mill.  A  BMP  Plan  formalizes  these  practices.  Best 
Management  Practices  are  centred  around  actions  and  not  targets. 
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6  EMERGING  TECHNOLOGIES 


6.1  Towards  Zero  Effluent 


SUMMARY  Technology  is  now  emerging  which  will  probably  make  the  operation  of  zero-effluent 
mechanical  pulp  mills  feasible  in  the  near  future.  The  costs  appear  to  be  in  the  same  order  as 
advanced  biological  treatment,  but  operating  experiences  will  be  required  to  confirm  this.  Data 
should  be  available  by  the  end  of  1992.  It  is  currently  technically  feasible  to  operate  some  board 
mills  with  zero  effluent,  and  to  approach  very  close  to  this  environmental  ideal  for  corrugating 
medium  mills. 


6.1.1  Concepts  of  zero  effluent 

The  terms  "zero  effluent"  and  "effluent  free"  have  been  used  and  misused  frequently  over  the  past 
twenty  years.  These  term  are  considered  as  synonymous  In  this  report  arxJ  this  report  defines 
"zero  effluent"  to  mean  elimination  of  liquid  process  effluents  from  a  pulp  or  paper  mill, 
without  transferring  an  unreasonable  load  to  the  airshed  or  soil.  Cooling  water  which  has  not 
been  In  contact  with  the  process,  sanitary  effluents  and  storm  water  run-off  would  still  exist  in  a 
zero-effluent  mill. 

Several  projects  are  under  way  worldwide  where  established  corporations  have  committed  to 
building  zero-effiuent  pulp  or  paper  mills.  The  suppliers  of  the  equipment  used  are  generally  well 
established  In  the  industrial  process  field,  and  are  offering  hardware  that  has  been  well  proven  in 
similar,  but  not  identical,  conditions.  The  modifications  to  conventional  manufacturing  process  are 
evolutionary  rather  than  revolutionary  in  nature.  The  authors  class  this  as  emerging  technology 
which  may  be  applicable  in  some  Ontario  mills  in  the  near  future,  but  is  not  yet  sufficiently 
mature  to  be  considered  as  demonstrated  technology. 

In  most  cases,  the  essence  of  a  zero-effluent  design  is  to  modify  the  production  of  traditional 
processes  to  reduce  the  effluent  volume  to  around  10  m^/tonne  product,  and  then  evaporate  this 
effluent,  incinerate  the  concentrate,  and  reuse  the  evaporator  condensates  as  mill  water  supply. 
For  over  50  years  l<raft  mills  have  been  evaporating  around  lOm^/tonne  weal<  black  liquor 
containing  about  14%  dissolved  solids,  per  tonne  of  product .  Mechanical  pulp  mills  and  deinking 
plants  have  been  built  which  currently  operate  with  under  10  m^  effluent  per  tonne  product. 

Dry  debarking  Is  essential,  unless  the  mill  operates  entirely  with  purchased  chips  or  purchased 
pulp.  However,  the  costs  of  modifying  any  existing  woodroom  and,  in  some  cases,  upgrading  the 
mill's  pulp  screening  and  cleaning  systems  to  modern  standards,  would  be  significant,  and  should 
be  properly  considered  in  any  economic  analyses. 

The  only  operating  zero-effluent  mills  the  authors  are  aware  of,  in  the  world  at  present,  are  board 
mills  which  can  afford  to  include  a  significant  quantity  of  diverse  dissolved  solkis  and  some  solid 
contaminants  in  their  product. 

The  possibilities  of  attaining  zero  effluent  In  mechanical  pulp  mills  and  in  bleached  kraft  mills  are 
discussed  l^elow  in  further  detail. 
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6.1.2  Kratt  mills 

Today,  a  well  designed  unbleached  kraft  mill  should  in  principle  be  able  to  operate  wrth  zero 
effluent.  However  the  authors  were  unable  to  find  an  example,  perhaps  because  no  mill  has  been 
required  to  do  so,  or  been  faced  with  extremely  restrictive  discharge  regulations  simultaneously 
with  the  time  to  develop  a  closed  operation  instead  of  installing  a  biological  treatment  system. 

The  Rapson  process  for  closing  up  a  bleached  kraft  mill  has  been  tried  in  Ontario  and  was 
abarKJoned  due  to  pitch  build  up,  corrosion  problems  arising  from  the  use  of  chlorine  compounds 
In  the  bleach  plant  and  operational  complexity.  Once  the  chlorine  compound  free  bleaching 
process  is  developed,  prospects  for  a  zero  effluent  bleached  kraft  mill  will  look  more  promising. 

6.1.3  Paper  mills 

A  paper  mill  that  uses  only  purchased  virgin  pulp  as  fumish  can  be  built  to  operate  with  very  little 
effluent.  The  Kimberiy-CIark  mill  at  Huntsville  discharges  only  about  4  m^/tonne  product.  The  only 
real  impediment  to  eliminating  the  effluent  by  evaporation  is  that  it  is  so  lightly  contaminated  tfiat 
there  is  no  environmental  reason  to  do  so.  The  low  effluent  discharge  at  Huntsville  is  due  to  the 
application  of  engineering  and  operational  ingenuity  to  profit  from  the  unusual  advantage  that  the 
mill  uses  only  fully  bleached  kraft  pulp  which  is  produced  off  site.  The  technology  is  not 
transferable  to  any  other  Ontario  mill,  although  some  elements  could  be  of  interest  elsewhere. 

When  the  mill  uses  fillers  or  coatings,  the  problems  would  be  more  difficult.  Probable  solutions 
would  Include  a  tight  water  balance,  flocculating  clarifier  to  remove  suspended  materials  as  sludge, 
and  evaporation  and/or  freeze  crystallization  to  remove  dissolved  solids.  In  general  there  is 
probatHy  little  environmental  need  for  such  an  approach. 

if  there  is  an  Integrated  pulp  mill,  then  it  may  be  necessary  to  minimize  the  input  of  dissolved  solids 
to  the  paper  mill.  This  can  be  done  by  dewatering  the  pulp  to  a  reasonably  high  consistency, 
perhaps  12%  or  even  the  40%,  attainable  in  modern  presses. 

6.1.4  Semi-chemical  /  corrugating  medium  mills 

These  are  essentially  integrated  mills,  with  the  added  complication  of  a  high-yield  pulp,  which 
generates  significant  quantities  of  inorganic  and  organic  solids.  Many  mills  of  this  type  operate 
with  a  BOD  of  only  a  few  kg/tonne  product  by  concentrating  and  burning  the  waste  liquors  and 
operating  with  a  very  tight  water  balance. 

The  corrugating  medium  mill,  Green  Bay  Packaging  Inc.,  Wisconsin,  was  operated  for  several 
years  with  a  BOD  discharge  of  under  1  kg/tonne  product,  without  any  external  effluent  treatment 
(Mill  visited  by  one  author  in  1989  and  further  personal  communication  with  the  mill  in  1990  and 
1991).  There  are  no  data  available  on  the  toxicity  of  the  effluent,  but  since  the  BOD  was  urxjer 
lOmg/L.  and  consists  of  volatile  organics  from  the  paper  machine  vacuum  pumps.  It  seems 
unlikely  that  the  LC^o  would  be  over  100%.  This  was.  therefore,  not  an  effluent  free-mill,  although  it 
discharges  very  much  less  BOD  than  most  corrugating  medium  mills  with  conventional  external 
secondary  treatment  systems.  On  January  1st,  1991  Green  Bay  Packaging  started  a  completely 
new  linerboard  operation  based  on  secondary  fibres,  see  page  185.  The  mill  is  in  the  process  of 
closing  this  new  operation  to  zero  effluent. 
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In  Europe,  there  Is  a  trend  toward  eliminating  virgin  pulp  for  manufacturing  corrugating  medium  in 
favour  of  secondary  fibres  (EC  1989).  Appendix  C  gives  one  example,  tiie  Grenaa  Papfabrik  AS, 
Denmark,  which  has  run  zero-effluent  for  the  last  two  years.  This  mill  also  produces  linerboard  and 
other  paper  products  for  packaging  materials  from  secorwiary  fibres. 

As  indicated  in  Appendix  A,  the  only  corrugating  medium  mill  in  Ontario  with  a  secorxlary 
treatment  system,  MacMlllan  Bloedel  Inc.  at  Sturgeon  Falls,  discharges  substantially  greater 
quantities  of  BOD  than  the  Green  Bay  mill  did  while  manufacturing  NSSC  based  corrugating 
medium. 

6.1.5  Deinking  mills 

It  appears  that  the  lowest  practicable  effluent  flow  for  a  deinking  mill  is  about  8  m^/tonne  product 
at  present.  While  this  is  within  a  reasonable  range  of  costs  for  evaporation,  the  authors  are  not 
aware  of  any  projects  or  serious  engineering  study  to  do  so.  The  aqueous  discharge  from 
deinking  plants  is  relatively  insignificant,  so  no  major  developments  toward  zero  effluent  in  the  near 
future  are  seen.  The  flocculating  clarifier  system  for  concentrating  the  deink  sludge  is  more  water 
efficient  than  the  older  washing  systems.  The  authors  conskier  that  the  Best  Available  Technology 
for  control  of  deinking  mill  process  effluent  would  be  to  design  the  systems  for  an  effluent  flow 
under  lOm^/tonne  pulp  and  treat  the  effluent  by  AST,  with  perhaps  a  granular  filter  following. 


6.2  Zero  Effluent  Mechanical  Pulp  Mills 

6.2.1  Current  status  of  technology 

Two  mechanical  pulp  mills  are  under  construction  at  the  time  of  writing  which  are  designed  to 
operate  without  any  planned  process  effluent.  The  systems  are  designed  to  store  and  recover 
spills,  so  that  they  are  expected  to  operate  without  any  process  effluent  at  all. 

Both  mills  will  produce  bleached  chemi-thermomechanical  pulp  (BCTMP)  which  will  be  flash  dried 
for  sale  on  the  market.  Bleaching  will  be  entirely  by  hydrogen  peroxide.  The  companies  marketing 
activities  have  made  it  clear  that  they  see  the  absence  of  chlorine  compounds  as  a  marketing 
advantage. 

One  mill,  at  Meadow  Lake,  Saskatchewan,  is  owned  by  Millar  Western,  and  start-up  is  scheduled 
for  late  1991. 

The  other  mill,  at  Chetwynd  in  North  Eastern  British  Columbia  is  owned  by  Louisiana  Pacific  Corp. 
It  uses  an  alkaline  peroxide  CTMP  process  which  avoids  using  sulphur.  The  mill  flowsheet  has 
been  balanced  for  1 1 .3  m^'/tonne  product  effluent.  The  latter  will  be  concentrated  to  approximately 
15%  consistency  by  a  freeze  crystallization  process  which  will  produce  very  pure  water  (under 
200  mg/L  dissolved  solids  and  under  2  mg/L  TSS).  The  15%  consistency  liquor  produced  will  be 
evaporated  and  incinerated.  The  mill  is  described  In  some  detail  by  Barbe  (1990). 

According  to  telephone  contacts  made  In  August  1991,  the  plant  was  partially  operational,  and 
minor  start-up  problems  were  being  resolved.  The  operations  were  not  sufficiently  stable  for  any 
assessment  of  success  or  otherwise  . 
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6.2.2  Feasibility  in  Ontario 

As  discussed  in  Appendix  E,  ft  would  be  necessary  to  minimize  the  total  effluent  flow  from  a 
newsprint  mill  for  this  process  approach  to  be  potentially  viable.  If  an  Ontario  mill  achieved  the 
12  m3  discharge  flow  of  the  Hytta  mill  (Appendix  C),  then  the  cost  of  the  zero  effluent  system  for  a 
500  tonne  per  day  mill  would  be  in  the  order  of  $50  million,  and  the  operating  costs  relatively  high. 
Further  technical  developments  will  be  required  if  this  approach  Is  to  become  viable  for  a  newsprint 
mill.  Presuming  that  the  operations  at  Chetwynd  continue  satisfactorily,  the  process  will  merit 
evaluation  for  any  future  market  CTMP  mills  in  Ontario. 


6.3  Kraft  Mill  Pollution  Prevention  at  Source 

Several  emerging  technologies  tfiat  are  not  yet  Installed  in  operating  mills  appear  promising. 

Emerging  modifications  will  assist  In  Improving  the  characteristics  of  kraft  mill  effluents,  without  in 
themselves  leading  to  elimination  of  chlorine  compounds.  These  are  discussed  below. 

6.3.1  Hot  allcali  extraction 

During  his  presentation  at  the  TAPPI  environmental  conference  in  San  Antonio,  April  1990, 
Gullichsen  described  a  process  modification  under  study  in  the  Helsinki  University  of  Technology 
which  could  potentially  be  used  to  reduce  the  unbleached  Kappa  number  of  pulp. 

The  process  relies  on  the  fact  tiiat  some  of  the  lignin  in  unbleached  kraft  pulp  is  generally 
conskiered  to  be  undissolved,  and  hence  not  washable  with  water.  Gullichsen  considers  that  in 
fact,  the  lignin  is  in  solution  within  the  pulp  fibres,  and  can  be  liberated  by  soaking  for  atwut  half  an 
hour  In  sodium  hydroxkie  soiution  at  approximately  150  deg  C.  He  proposed  to  use  black  liquor  in 
practice,  fortified  with  sufficient  white  liquor  to  raise  the  sodium  concentration  to  approximately 
2  g/L  Apparently  Nils  Hartler  of  STFI  has  proposed  a  similar  process,  but  the  authors  were  unable 
to  obtain  further  Information  in  the  time  available. 

On  an  industrial  scale  this  would  require  a  pressure  vessel  in  line  with  a  continuous  digester, 
operating  slightly  below  digester  pressure.  For  a  500  tonne/day  digester  line  this  would  l^e 
approximately  4  m  diameter  by  8  m  high.  This  is  a  practical  size  for  a  shop  fabricated  pressure 
vessel.  It  would  be  inappropriate  to  estimate  costs  until  the  process  is  better  defined,  and  the 
actual  process  requirements  are  known.  Rough  calculations  indicate  that  this  could  potentially  be 
an  easily  retrofittable,  relatively  low  cost  means  of  reducing  Kappa  number. 

Gullichsen  indicated  that  a  drop  of  several  points  in  Kappa  number  would  be  attainable,  but  that 
further  laboratory  work  was  required  before  field  trials  could  commence. 

The  effects  on  the  kraft  recovery  cycle  would  presumably  be  simitar  to  those  of  extended  cooking 
discussed  previously,  increasing  the  quantity  of  black  liquor  burned  by  a  few  percent.  For  mills 
with  adequate  recovery  boiler  capacity,  there  would  be  a  net  gain  in  energy,  while  for  a  mill  with 
limited  recovery  boiler  capacity,  some,  perhaps  costly,  measures  would  be  required  to 
accommodate  the  increased  liquor  volumes. 
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6.3.2  Enzyme  pulping  /  prebleaching 


SUMMARY  Laboratory  trials  have  shown  that  enzymes  remove  lignin  from  pulp,  thus  reducing  the 
Kappa  number,  without  the  use  of  chlorine  compounds.  Pulpzyme-HA  is  one  potentially  useful 
enzymatic  product.  Full-scale  testing  is  being  conducted  at  the  time  of  writing,  and  this 
technology  cannot  be  considered  'demonstrated'  for  another  year  at  least. 


As  wood  is  a  natural  product,  it  is  potentially  possible  to  utilize  enzymes  in  the  preparation  of  pulp. 
Fungi  and  other  microorganisms  are  basically  doing  the  same  job,  under  very  mild  corKlitions  In 
nature,  as  strong  chemicals  and  vast  amounts  of  energy  are  doing  in  the  pulp  mill.  Normally  the 
action  of  fungal  enzymes  tfiat  can  be  observed  in  chip  stacks  is  unv^/anted,  but  these  same 
enzymes  could  potentially  become  useful  if  properly  controlled. 

The  enzyme  pulping  process  itself  is  difficult  to  control  due  to  the  mechanical  problems  of  bringing 
the  enzymes  into  contact  with  the  inner  part  of  a  wood  chip.  There  have  t>een  reports  on  using 
white  rot  fungi  to  do  this  job,  but  the  results  are  too  poor  to  justify  classifying  the  process  as  "an 
emerging  technology"  at  this  stage. 

Several  companies  worldwide  have  shown  Interest  in  developing  enzymatic  products  for  the  pulp 
and  paper  industry,  including  Novo  Nordisk  (Denmark),  I.C.I.  (Canada  and  UK),  Sandoz  (USA), 
and  logen  (Ottawa). 

Novo  Nordisk  Inc.  is  one  of  the  largest  producers  of  enzymes  and  have  provided  information 
discussed  below.  The  field  is  quite  competitive,  and  much  of  the  know-how  is  considered 
proprietary,  but  will  presumat)ly  become  more  readily  available  if  and  when  practical  commercial 
operations  are  developed.  The  biggest  single  product  of  Novo  Nordisk  is  the  proteolytic  enzyme 
for  washing  powder,  but  they  manufacture  a  range  of  products  including  insulin.  When 
environmental  pressure  increased  on  the  pulp  and  paper  industry  to  reduce  water  effluent  burdens 
in  the  mid  80s,  Novo  Nordisk  started  developing  enzymatic  products  for  the  sector,  and  market 
three  such  products: 

Resinase  A  2X 
Novozym  342 
Pulpzyme-HA 

The  following  information  is  taken  from  Novo  Nordisk  research  reports  which  may  t>e  obtained 
from  the  company  (Novo  Nordisk  1991). 

Application  of  the  Pulpzyme-HA  for  pulp  bleaching  has  been  tested  in  full  scale  in  Finland. 
Pulpzyme-HA  is  a  xylenese  preparation  derived  from  a  selected  strain  of  Trichoderma  reesei.  It 
contains  endo-1,4-B-D-xylenese  as  well  as  exo-1,4-B-D-xylenese  activities.  Pulpzyme-HA  has  a 
certain  amount  of  cellulase  activity,  which  affects  the  viscosity  of  the  pulp  and  thus  limits  the 
amount  of  enzyme  that  can  be  used,  although  the  activity  towards  crystalline  cellulose  Is  low.  in 
the  original  preparation  the  cellulase  activity  was  at  a  maximum  around  pH  5  to  6,  and  xylenese 
had  its  maximum  activity  around  pH  4,  so  a  pH  below  4  had  to  be  obtained  during  full-scale  trials. 
Furthermore,  active  chlorine  can  react  with  the  enzyme  protein  arxJ  thereby  destroy  its  catalytic 
site,  so  Pulpzyme-HA  had  to  be  used  with  less  than  1  ppm  molecular  chlorine  present.  Today 
Novo  Nordisk  has  a  preparation  in  which  the  cellulose  activity  has  been  considerably  reduced,  so 
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even  higher  amounts  of  enzymes  can  be  used  at  higher  pH  values  than  previously.  The  enzyme  Is 
still  sensitive  to  active  chlorine,  and  experiments  have  shown  the  activity  to  be  supplementary  to 
the  activity  of  oxygen  detignification,  i.e.  better  results  have  been  obtained  on  oxygen  delignrfied 
pulp  than  normal,  unbleached  pulp.  Therefore,  Pulpzyme-HA  should  be  used  in  a  separate  stage 
after  the  0-stage  and  after  washing,  and  an  efficient  washer  should  direct  the  spent  enzyme  liquor 
to  the  recovery  plant  prior  to  the  first  DQ.stage. 

In  the  original  test  In  1989  an  oxygen  delignrfied  hardwood  kraft  pulp  was  treated  with  0.17% 
Pulpzyme-HA  for  3  hours  at  50  deg  C,  pH  5  to  6  and  10%  consistency.  A  possible  saving  of  35%  of 
the  active  chlorine  in  the  first  C/D-stage  was  reported,  and  the  brightness  was  elevated  1%  to 
2%  ISO  in  a  3-stage  sequence  without  serious  effects  on  the  pulp  strength  properties.  A  similar 
experiment  in  1990  on  oxygen  delignifled  softwood  reported  possible  savings  in  active  chlorine  of 
up  to  18%. 

Tolan  (1991)  reported  similar  figures  from  Canadian  pilot  plant  trials  with  a  conventional  pulp  in  the 
CjEDED  sequence,  which  used  5  to  7  kg  xylenese  enzyme  per  tonne  pulp. 

6.3.3  Lignox  process  for  bleaching 


The  Ugnox  process  is  an  emerging  technology  which  uses  hydrogen  peroxide  with  a  chelating 
agent  pre-treatment  to  lower  the  Kappa  number  of  oxygen  delignified  kraft  pulp  by  about  40%. 
The  Lignox  bleached  pulp  can  be  marketed  as  semi-bleached  kraft,  or  bleached  to  full  market 
quality  with  chlorine  dioxide,  while  discharging  under  0.3  kg  AOX/ tonne  pulp.  One  full  scale  trail 
operation  is  running  in  a  small  Swedish  mill,  but  they  have  not  yet  been  able  to  sell  the  full  pulp 
capacity  of  Lignox  bleached  pulp.  The  Lignox  process  Is  a  low  capital/high  operating  cost 
approach  to  reducing  AOX,  which  is  applicable  only  in  mills  already  practicing  oxygen 
delignification. 

The  environmental  significance  of  the  Lignox  process  is  not  yet  established.  There  is  no  doubt 
that  it  can  reduce  AOX  by  up  to  50%,  in  suitable  circumstances.  However  questions  as  to  the 
environmental  significance  of  the  EDTA  discharges,  and  the  acute  lethality  of  the  Lignox  effluent 
remain  unanswered.  As  presently  operated,  the  Lignox  process  does  not  reduce  the  organic 
discharges  from  a  mill. 


The  Lignox  process  was  developed  by  Eka-Nobel,  a  major  supplier  of  technology  and  chemicals  to 
the  pulp  and  paper  industry.  The  authors  of  this  report  recognize  that  Eka,  or  associated 
organizations  are  proprietors  of  the  process,  and  the  description  herein  is  purely  for  readers' 
convenience. 

The  objective  of  the  Lignox  process  is  to  reduce  the  Kappa  number  of  pulp  so  that  it  can  either  be 
marketed  as  semi-bleached,  chlorine-compound -free  pulp,  or  else  further  t>leached  with  chlorine 
dioxide  and  other  agents  to  produce  a  fully  bleached  pulp  with  low  organochlorine  emissions.  The 
chlorine-compound -free  Lignox  pulp  has  a  maximum  brightness  of  about  70  to  75  ISO,  ar>d  if  It 
could  be  marketed  In  this  semi-bleached  condition,  then  there  would  be  no  AOX  discharge.  If  the 
pulp  is  subsequently  bleached  with  chlorine  dioxide  to  approach  90  ISO,  then  AOX  discharges  can 
be  expected  to  be  well  under  0.5  kg/tonne  pulp. 
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The  principal  bleaching  chemical  used  In  the  Lignox  process  Is  hydrogen  peroxide,  which  has 
been  used  to  bleach  kraft  pulp  for  many  years.  The  distinguishing  features  of  Eka-Nobel's  process 
are  the  use  of  chelating  agents  prior  to  the  addition  of  the  hydrogen  peroxide,  and  the  operation  of 
the  hydrogen  peroxide  stage  at  relatively  high  temperatures  arxi  with  long  retention  time. 

The  flowsheet  on  page  234  depicts  the  Lignox  process  applied  to  a  typical  kraft  mill,  similar  to  tfiat 
shown  on  page  168.  Notice  that  both  mills  incorporate  oxygen  delignificatlon,  since  this  Is  a 
pre-requlsite  for  the  Lignox  process.  In  the  chelating  stage,  kJentified  as  "EDTA"  in  the  flowsheet, 
chelating  chemicals  arxJ  sulphuric  acid  are  added  to  complex  the  trace  quantities  of  metals  that 
are  normally  present  In  kraft  pulp,  so  that  they  can  be  washed  out  in  the  subsequent  washer,  and 
to  ensure  that  those  that  remain  with  the  pulp  will  not  Interfere  with  the  subsequent  hydrogen 
peroxide  bleaching  stage.  The  most  commonly  used  chelating  agent  is  ethylene-diamine-tetra- 
acetic  acid  (EDTA)  bLrt  diethylene-triamine-penta -acetic  acid  (DTPA)  and  several  proprietary 
compounds  have  also  been  investigated  (Basta  1991). 

The  initial  EP-stage  would  have  a  2  to  4  hour  retention  time,  and  the  choice  of  materials  In  the 
process  equipment  is  of  the  utmost  importance  to  avoid  metals  interfering  with  the  bleaching 
reaction.  Recent  work  by  Basta  (1991),  confirmed  by  PAPRICAN  (personal  communication,  B.  van 
Lierop,  1991)  irxlicates  that  this  stage  must  operate  at  90  deg  C,  and  have  a  4  hour  retention  time. 

Where  fully  bleached  pulp  is  required,  three  subsequent  stages,  D  (EP)  D,  or  a  similar  sequence 
can  be  used  to  attain  market  brightness  (ISO  89  to  90). 

Ultimately  the  process  may  be  developed  to  produce  market  pulp  without  the  use  of  chlorine 
compounds,  but  the  data  presented  on  the  fully  bleached  pulp  trials  at  the  only  operating 
installation  of  Lignox  (Munksjo,  Aspa,  Sweden)  indicated  the  need  for  16  kg  chlorine  dioxide  per 
tonne  pulp  to  reach  89.1  ISO  brightness  (Basta  1991).  The  AOX  discharge  was  stated  to  be 
0.3  kg/tonne.  The  mill  concerned  does  not  have  a  secondary  treatment  system,  but  if  it  had,  one 
would  expect  that  the  final  AOX  discharge  would  be  about  0.2  kg/tonne  pulp.  At  Aspa,  the  fully 
bleached  pulp  was  manufactured  using  the  sequence  Q  EP  D  EP  D.  It  is  interesting  to  note  that 
the  final  three  stages  discharge  0.3  kg  AOX/tonne  pulp,  while  comparable  stages  following  a 
conventional  bleach  plant  front  end  discharge  essentially  no  AOX. 

The  brightness  after  the  initial  EP-stage  Is  ISO  70%  to  75%.  This  is  sufficiently  bright  for  sale  of 
semi-bleached  pulp,  and  In  1990  8%  of  Aspa  Bruk's  production  was  chlorine-compound-free.  In 
1991  this  figure  is  expected  to  reach  20%  of  the  total  production  of  95,000  tonnes/year.  This 
quantity  of  chlorine-compound-free  pulp  (19,000  tonnes)  will  represent  0.06%  of  worid  market  kraft 
capacity. 

At  the  time  of  writing,  Aspa  Bruk  were  running  the  Lignox  plant  on  an  experimental  basis,  in  that 
they  dkJ  not  have  the  final  operating  permit.  Sodra  Skogsagarna^  indicated  during  public  hearings 
concerning  their  MonsterSs  mill  that  they  had  run  laboratory  trials  on  the  Lignox  process  with  no 
success  -  they  reported  major  difficulties  in  controlling  the  quality  of  the  pulp.  A  later  press  release 
reported  In  Svensk  Papperstidning  (#9,  1991  issue)  that  1500  tonnes  of  pulp  bleached  with 
hydrogen  peroxide  instead  of  chlorine  had  been  produced  at  the  Monstercis  mill.  The  company's 


^  A  major  Swedish  pulp  producer,  competing  with  Aspa. 
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research  director,  S.  Moldenius,  stated  "We  have  already  realized  that  we  will  not  be  able  to  attain 
the  same  level  of  brightness  attained  as  when  using  chlorine.  Now  we  shall  investigate  stren0h 
properties,  and  the  potential  n^rket  for  this  product.  Interest  in  chlorine  free  pulp  has  increased 
over  the  past  several  years". 

In  the  same  press  report,  the  MSnsterSs  mill  manager  reportedly  stated,  "I  am  not  sure  whether 
customers  are  willing  to  pay  more  for  the  chlorine  free  pulp  when  compared  with  their  normal  pulp. 
It  is  more  expensive  to  use  this  method  compared  to  the  old  method.  This  is  the  first  step  In  a  very 
long  investigation  to  produce  chlorine  free  pulp." 

Work  Is  continuing,  obviously  with  hopes  of  success.  Aspa  Bruk  is  continuously  working  on  quality 
and  economy  improvements,  especially  improved  delignlfication  In  the  first  EP-stage  by  increased 
retention  time  and  higher  consistency. 

Environmental  impacts 

The  only  tests  of  acute  lethality  that  the  authors  were  able  to  find  indicated  that  the  LC50  Is  very 
low,  but  the  laboratory  concerned  declined  to  have  the  results  published,  In  view  of  their 
preliminary  nature.  It  will  be  essential  to  establish  the  LC50  of  the  wastewaters  and  their  effect  on 
the  toxicity  of  biologically  treated  effluent  before  the  process  could  be  considered  in  Ontario. 

The  flowsheet  on  page  234  indicates  that  effluents  from  the  chelating  and  first  peroxide  stages  may 
optionally  be  recovered  by  recycling  to  the  pulp  washing  system  and  from  there  to  the  recovery 
boiler  with  the  black  liquor.  However,  this  f>as  not  yet  been  accomplished  at  Aspa,  and  the 
publications  on  the  Lignox  process  are  silent  on  the  Issue.  If  recycled  as  shown,  then  some  of  the 
metals  removed  from  the  pulp  would  be  recycled  to  the  input  of  the  chelating  stage.  It  is  not  yet 
known  whether  the  effects  of  this  on  the  operations  would  be  acceptable  or  not.  Other  possibilities 
exist,  arxJ  will  presumably  be  Investigated. 

The  environmental  benefits  of  recycling  the  organics  from  the  chelating  and  EP  stages  to  the  kraft 
mill's  recovery  boiler  are  obvious.  However,  questions  such  as  the  effect  of  the  chelating  agents 
on  the  mill's  ability  to  evaporate  the  black  liquor,  the  fate  of  the  recycled  metals  and  other  presently 
unknown  operating  problems  may  make  this  impractical.  A  full-scale  mill  trial  Is  obviously  essential 
to  establish  the  feasibility  of  recycling  this  material.  The  fact  that  this  has  not  been  undertaken  at 
the  Lignox  plant  at  the  Aspa  mill  Is  a  question  which  remains  unanswered  at  the  time  of  writing. 

There  were  not  sufficient  data  available  for  the  authors  to  calculate  mass  and  energy  balances  for 
the  Lignox  process  similar  to  those  calculated  for  the  emerging  ozone  delignlfication  technology, 
but  a  preliminary  estimate  of  the  direct  operating  costs  Is  presented  below. 

In  view  of  its  chelating  properties,  concerns  have  been  expressed  about  the  possibility  of  causing 
environmental  damage  by  releasing  EDTA,  but  analysis  of  this  Issue  is  beyond  the  scope  of  this 
report. 
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CapKat  costs  of  Ugnox  process 

The  Ugnox  process  can  be  Implemented  in  a  5-slage  bleach  plant  by  changing  (DC)  (EOP) 
D  (EP)  D  to  Q  (EP)  D  (EP)  D.  Figure  41  shows  how  the  process  could  be  adapted  to  the  flowsheet 
for  a  conventional  bleached  kraft  mill  equipped  for  oxygen  delignification  shown  In  Figure  32  on 
page  168.  If  the  following  conditions  exist,  then  the  capital  cost  could  be  quite  low  relative  to 
alternative  means  for  reducing  the  Kappa  number  of  the  pulp  prior  to  final  bleaching; 

An  oxygen  delignification  system  exists 

Bleach  plant  metallurgy  does  not  require  modification 

Sufficient  retention  time  {4  hours)  is  availatJe  in  existing  bleaching  towers. 

None  of  the  nine  kraft  mills  in  Ontario  satisfy  all  of  the  above  requirements. 

Table  32  Preliminary  estimate  of  operating  costs  lor  L/gnoy  bleaching 


Item 


Unit  cost  Quantity 


Cost 


$/kg  kg/tonne  pulp     $/tonne  pulp 


Chelating  stage 

Acid  for  pH  control 

Chelating  agent  (EDTA) 

El/peroxide  stage 

Sodium  hydroxide 

Hydrogen  peroxide 

Operating  consistency 

Process  steam  {50  —  >  90  deg  C) 

Sub-total  cost  to  end  of  Ugnox  stages 

First  chlorine  dioxide  stage 

Chlorine  dioxide 

Sulphuric  acid 

E2/peroxide  stage 

Sodium  hydroxide 

Hydrogen  peroxide 

First  chlorine  dioxide  stage 

Chlorine  dioxide 

Sulphuric  acid 

Total  cost  of  bleaching  chemicals  and  energy 

Unit  costs  are  typical  Ontario  prices  in  mid  1991,  and  chemical  quantities  are  based  on  Basta  (1991) 

The  costs  for  implementing  oxygen  delignification  are  well  known,  but  there  Is  not  yet  sufficient 
information  available  to  calculate  a  credible  estimate  for  the  costs  of  the  modifications  to  the 
bleach  plant  metallurgy  which  would  be  required  to  implement  the  Ugnox  process  successfully  In 
Ontario.  One  indication  of  the  technological  uncertainty  concerning  the  process  is  that  the 
publication  of  information  on  the  production  of  fully  bleached  pulp  using  the  Ugnox  process  was 
delayed  due  to  the  time  required  to  make  the  necessary  in-plant  process  changes  to  meet  supplier 
and  mill  objectives  (Comment  by  Hans  Fasten,  manager  of  Aspa  mill,  at  the  Pulp  Bleaching 
Conference,  Stockholm,  June  1991). 


$0.13 
$1.40 

$0.35 
$1.32 

$9.00 


$1.02 
$0.13 

$0.35 
$1.32 

$1.02 
$0.13 


6 

$0.78 

2 

$2.80 

23 

$8.05 

25 

$33.00 

11% 

0.66 

$5.98 

$50.61 

10 

$10.08 

3 

$0.39 

4 

$1.40 

2 

$2.64 

5.7 

$5.82 

3. 

$0.39 

$71.33 
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Ozone  dellgnification  and  retrofitting  extended  cooking  are  the  oniy  two  processes  which  currentiy 
appear  reaiistic  to  achieve  goais  similar  to  LIgnox  with  respect  to  organochlorine  discharges.  The 
former  Is  proven  on  the  pilot  plant  scale,  the  latter  is  demonstrated  technology. 

Eka-Nobel,  the  proprietors  of  the  Lignox  process  advised  in  April  1991  that  they  do  not  expect  to 
be  able  to  provide  definitive  capital  cost  information  for  Canada  for  some  months. 

The  authors  estimated  that  in  a  Lignox  based  bleach  plant,  the  cost  of  bleaching  chemicals  arxi 
additional  steam  for  pulp  heating,  would  be  over  $70 /tonne  pulp,  as  shown  in  Table  32.  An 
Ontario  mill  which  installed  the  oxygen  dellgnification  stage,  which  Lignox  would  require,  could 
manufacture  bleached  puip  of  similar  or  better  quality  with  the  expenditure  of  only  $25/tonne  pulp 
for  chemicals  and  steam. 

6.3.4  Chlorine  compound  free  bleaching  wfth  ozone  and  hydrogen  peroxide. 

As  indicated  previously,  processes  based  on  oxygen  dellgnification  and  ozone  appear  to  offer  the 
possibility  of  commercial  production  of  chlorine  compound-free  bleached  kraft  pulps. 
Lachenal  (1988)  arxJ  other  authors  have  stated  that  ozone  dellgnification  "activates"  the  pulp  for 
subsequent  bleaching  by  hydrogen  peroxide.  Sixta  (1991)  published  data  on  bleaching  spruce  in 
the  latxiratory  with  an  OZEQpZPZP  sequence  to  market  quality.  This  sequence  used  the  following 
chemical  charges: 

Ozone  9  kg/tonne  pulp 

Sodium  hydroxide  30  kg/tonne  pulp 

Hydrogen  peroxide  13  kg/tonne  pulp 

If  a  typical  allowance  for  steam  is  included,  this  would  represent  approximately  $45 /tonne  puip  at 
current  Ontario  prices,  which  is  similar  to  current  kraft  pulp  bleaching  costs  in  Ontario  mills. 
However,  if  a  mill  had  installed  oxygen  delignification  and  extended  cooking,  then  the  k>leach 
chemical  cost  would  be  about  $25/tonne,  so  that  installation  of  an  ozone  delignification  system 
would  probably  increase  bleaching  costs  somewhat.  Readers  are  warned  that  the  variation  in 
bleach  costs  is  such  that  it  is  essential  to  carry  out  laboratory  trials  to  determine  the  actual 
chemical  consumptions  required  to  bleach  local  wood  to  customer  specifications.  The  only 
conclusion  concerning  the  economics  of  the  process  that  should  be  drawn  from  Sixta's  data 
above  is  that  It  would  not  be  unreasonable  for  Ontario  mills  to  investigate  ozone  delignification  in 
the  expectation  that  the  chemical  costs  may  be  acceptable  relative  to  the  environmental  and  cost 
benefits  associated  with  eliminating  chlorine. 

6.3.5  Costs  Of  ozone  delignification 

it  would  be  premature  to  estimate  capital  and  operating  costs  for  ozone  delignification  systems, 
since  the  necessary  industrial  experience  is  lacking.  Preliminary  indications  are  that  a  retrofit  to  a 
500  ADt/day  bleach  line  would  cost  in  the  order  of  $10  million,  assuming  that  the  ozone  generator 
Is  leased.  Oxygen  delignification  is  a  prerequisite,  and  the  problem  of  recovery  boiler  capacity  to 
burn  the  additional  solids  would  add  significantly  to  the  cost  in  some  mills,  while  being  insignificant 
in  others. 
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It  appears  probable  that  the  direct  operating  costs  will  be  lower  than  for  conventional  bleaching  of 
oxygen  pre-bleached  pulp,  by  several  dollars  per  tonne. 

6.3.6  Commercial  developments 

Union  Camp  Corporation 

As  discussed  in  Appendix  C,  Union  Camp  Corporation  is  currently  constructing  a  900  tonne/day 
l<raft  bleach  line  at  their  integrated  Franklin,  Virginia  mill,  with  start-up  scheduled  for  late  1992.  The 
company  has  announced  that  they  will  licence  the  technology  to  any  paper  company.  Union 
Camp  has  entered  Into  a  technical  and  marketing  alliance  with  Surxls,  a  well  estatjiished 
manufacturer  of  a  variety  of  pulping  and  bleaching  equipment. 

The  new  Franklin  bleach  plant  is  a  replacement  for  two  40  year  old  lines  that  are  still  in  reasonably 
good  physical  condition,  but  considered  obsolete  by  the  company.  The  mill  effluent  currently 
complies  with  local  regulatory  requirements.  It  Is  therefore  a  good  location  for  Innovation,  and 
resolution  of  the  technical  difficulties  inherent  In  most  new  processes,  with  minimal  risk  of  a 
catastrophically  expensive  loss  of  production  If  the  ozone  stage  suffers  from  a  long  learning  cun/e 
on  start-up. 

IMPCO 

Impco  were  active  in  the  development  of  ozone  delignrfication  technology  in  the  mid  1970s,  and 
ran  a  25  tonne/day  pilot  plant  in  the  S.D.  Warren  mill  at  Muskegon,  Michigan  at  that  time.  This  was 
processing  hardwood  pulps  which  had  NOT  been  oxygen  detlgnified.  The  trials  were  reportedly 
successful,  but  no  commercial  installations  followed. 

At  that  time,  US  regulations  were  focussed  on  BOD  and  suspended  solkJs,  with  some  public 
concem  being  expressed  about  effluent  colour.  Organochlorines,  dioxins,  ar>d  the  wide  variety  of 
persistent  substances  which  are  of  concern  to  the  MISA  program  were  not  normally  considered 
significant  by  the  regulatory  authorities  when  writing  permits  and  regulations  in  the  1970s.  All  US 
puip  mills  had  to  install  biological  treatment,  and  there  was  no  possibility  of  any  mill  complying  with 
EPA  and  State  requirements  by  installing  Improved  bleaching  without  biological  treatment. 
Therefore,  mills  generally  found  the  'external  treatment"  approach  less  expensive. 

IMPCO  are  now  actively  marketing  ozone  delignification  systems,  and  advise  that  they  would  be 
willing  to  sign  a  contract  to  supply,  install  and  guarantee  one  in  a  North  American  mill. 

Kamyr 

Kamyr  Inc  is  the  dominant  supplier  of  continuous  digesters  for  kraft  pulp,  and  a  major  supplier  of 
several  other  components  of  the  pulping/bleaching  areas  of  kraft  mills.  At  the  time  of  writing,  they 
are  installing  a  10  tonne/day  ozone  delignification  pilot  plant  in  the  E.B.  Eddy  mill  at  Espanda. 
This  is  based  on  medium  consistency  processing  (around  12%),  in  contrast  to  the  Sunds  and 
Union  Camp  approaches  which  are  based  on  high  consistency  operation.  Medium  consistency 
processing  will  probably  require  greater  quantities  of  ozone  than  high  consistency,  but  this  ar>d 
other  critical  considerations  such  as  pulp  quality  and  process  stability  cannot  be  resolved  without  a 
pilot  plant. 
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Kamyr  have  advised  that  they  hope  to  be  able  to  quote  and  guarantee  full  scale  ozone 
dellgnificatlon  plants  by  late  1991.  Obviously,  this  Is  predicated  on  their  being  able  to  resolve  the 
inevitable  unforeseen  problems  in  the  pilot  plant  without  undue  delay. 

Voest  Alpine 

This  major  European  manufacturer  of  pulp  mill  systems  has  announced  an  aggressive 
development  program  for  ozone  dellgnificatlon  systems  (Schwarzl  1991).  They  are  apparently 
concentrating  on  a  medium  consistency  system  which  uses  ozone  dissolved  in  water  as  the 
bleaching  agent,  and  avoids  the  need  for  the  relatively  complex  and  expensive  recovery  systems 
for  the  oxygen  vented  from  most  ozone  reactors.  While  their  innovative  approach  may  prove  to 
have  operational  and  cost  advantages,  there  are  no  obvious  environmental  differences,  so  the 
authors  have  not  investigated  It  in  any  detail. 


6.4  Organosolv  Pulping 


There  are  a  number  of  emerging  or  new  pulping  processes  tliat  are  promoted  as  being 
environmentally  friendly  by  tfieir  supporters.  This  group  includes  Organocell,  Stake,  Alcell,  Ester, 
ASAfii^,  Pollution  Free  Process,  Milox  and  Oxygen-Alkali.  Some  of  these  have  been  around  for 
20  years  or  so  while  others  have  just  come  on  the  scene.  None  are  demonstrated  technologies, 
and  there  is  no  evidence  of  significant  environmental  advantages  for  those  which  have  reached 
the  continuous  pilot  plant  stage  of  development. 


6.4.1  Alternative  pulping  processes 

The  Pollution  Free  Process  was  a  Japanese  development  in  the  early  1970s  aimed  at  replacing 
kraft  pulping.  Besides  corrosion  problems,  the  electrical  and  steam  energy  consumption  was  very 
high  and  the  process  apparently  progressed  no  further.  The  Oxygen-Alkali  process  (Rodden  1990) 
is  a  recent  Soviet  pulping  process  that  Is  in  the  very  early  stages  of  development.  The  Stake 
Process  {Barbe  1990)  is  not  intended  to  be  a  replacement  of  kraft  but  it  may  allow  semichemical 
pulps  to  replace  some  additional  chemical  pulp.  The  other  processes  are  variations  of  solvent 
pulping. 

The  Alcell  (Pye  1991),  Ester  (Young  1989),  and  ASAM  (Patt  1987)  processes  may  be  considered 
solvent  pulping  under  acidic  conditions.  These  processes  are  reported  to  produce  pulps  that  are 
superior  to  sulphite  or  are  equivalent  to  hardwood  kraft,  but  they  do  not  appear  ready  to  replace 
softwood  kraft.  The  Milox  pulping  process  (Jokinen  1991)  Is  a  low  temperature  treatment  with 
hydrogen  peroxide  and  formic  acid.  Little  technical  information  has  been  published.  A  $2.5  million 
pilot  plant  is  planned  to  further  develop  the  process.  The  Organocell  process  is  solvent  pulping 
involving  alkali,  Sarkenen  (1990)  believes  that  the  reactions  would  probably  follow  a  course  similar 
to  soda  pulping,  but  he  states  that  the  chemistry  of  the  process  has  not  been  completely 
characterized.  This  process  has  gained  a  great  deal  of  attention  and  is  treated  In  more  detail 
below. 
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6.4.2  Organocell 

Although  solvent  pulping  has  been  known  to  be  technically  possible  since  1931 ,  Sarkanen  believes 
that  It  was  not  considered  seriously  until  recently.  This  Is  reflected  by  the  Organocell  process.  The 
initial  research  on  this  process  was  undertaken  In  1977  by  Technocell  AG,  at  the  time  a  member  of 
the  MD  Group  (West  Germany)  as  outlined  in  Organocell  sales  literature.  The  Gerrr^n  Federal 
Ministry  for  Research  and  Technology  agreed  to  support  the  project. 

Research  led  to  a  S-tonne  per  day  demonstration  plant  operating  successfully  since  1987.  This 
was  a  2'Stage  cooking  process  until  1991  when  it  was  changed  to  a  single  stage  process.  This 
change  has  delayed  the  start-up  of  a  new  310  tonne  per  day  plant  at  Kelheim  (near  Munich).  The 
original  start-up  reported  by  Dahlmann  (1990)  was  November,  1991  and  has  now  been  delayed 
until  early  1992. 

The  process  is  sulphur-free  and  uses  a  mixture  of  methanol,  water,  and  sodium  hydroxide.  All 
types  of  wood  are  reported  to  be  pulped  successfully.  Most  chemicals  are  recovered  and  reused. 
The  recovery  of  methand  from  the  cooking  liquor  must  take  Into  account  the  fact  that  methanol  is 
a  flammable  liquid.  The  entire  pilot  plant  was  built  to  be  explosion  proof.  The  new  commercial 
plant  will  be  designed  to  remove  the  solvent  from  the  black  liquor  as  soon  as  possible.  The  area 
that  will  come  under  the  explosion  proof  code  will  be  therefore  kept  to  a  minimum. 

The  pulp  product  is  stated  to  have  properties  comparable  to  sulphate  pulps.  Dahlmann  (1990) 
compares  Organocell  pulp  with  West  Coast  semi-bleached  kraft  and  Magnefite  pulps.  The  table 
shows  this  comparison. 

Table  33  Comparison  of  Organocell,  semi-bleached  kraft  and  Magnefite  pulps 

Organocell                 West  coast                     Magnefite 
semi-bleached  kraft 

NaOH%  20  20  15 

Tensile  m  7900  8500  6300 

Burst  kPa  350  470  320 

TearmN.m/m  1000  1100  810 

Fold  730  1000  530 


The  degree  of  refining  was  not  stated  nor  was  the  wood  species  kJentrfled.  The  levels  suggest  that 
the  refining  is  to  a  CSF  of  400  to  500  ml.  Since  the  pulp  is  from  the  west  coast  it  may  contain 
Douglas  Fir.  The  latter  is  a  high  tear  -  low  tensile  wood  species  and  is  not  normally  used  for 
printing  grades.  The  west  coast  fibre  properties  in  the  table  are  superior  to  those  of  Organocell  for 
tensile  (7.6%),  burst  (34%),  tear  (10%).  and  fold  (37%)  which  suggests  a  healthy  competitive  edge 
to  the  West  Coast  pulp. 

Dahlmann  reports  that  a  trial  run  of  t>leached  Organocell  pine  pulp  was  successfully  used  as  a 
reinforcement  pulp  in  a  70  gsm  grade.  The  trial  was  made  on  a  high-speed  paper  machine  at 
MD  Papier  GmbH  without  any  runnability  problems  over  a  period  of  one  shift.  This  was  protjably  a 
coated  printing  and  writing  paper  grade,  and  is  a  fairly  heavy  paper.  Normally  Northern  Canadian 
kraft  pulps  are  used  for  lighter  weight  grades  than  that  made  during  the  trial.  The  basis  weight  for 
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magazine  type  papers  Is  usually  under  60  gsm  and  as  low  as  45  gsm.  According  to  our  nnarket 
Information  MD  produces  coated  printing  and  writing  papers  at  a  basis  weight  as  low  as  42  gsm. 

For  very  low  weight  papers,  strong  Northern  Canadian  kraft  pulps  are  used  as  reinforcing  fibre  to 
carry  the  coating.  It  would  appear  that  the  reported  strength  level  of  Organocell  pulp  would  have 
difficutty  meeting  these  demarxls. 

It  should  be  noted  that  intensive  research  on  Organocell  pulp  has  continued  since  1977.  After 
13  years  of  research,  Dahiniann  indicates  that  Vork  needs  to  be  done  to  fully  understarvi  the 
Interactions  of  all  operation  parameters  on  pulp  properties". 

This  demonstrates  the  difficulty  In  replacing  kraft  pulp  with  a  competitive  product  even  with  the 
support  of  both  government  and  irKiustry,  and  with  a  clear  objective  kientlfied. 
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7  ALTERNATIVE  TECHNOLOGY  TRAINS 

Combinations  of  the  effluent  discharge  technologies  discussed  in  the  foregoing  chapters  were 
assembled  into  several  alternative  "technology  trains'  for  calculation  of  costs  arxl  Improvements  in 
effluent  quality.  These  have  been  selected  for  each  sub-sector  of  the  industry,  on  the  basis 
discussed  on  page  53.  The  use  of  the  term  "technology  train"  to  describe  a  group  of  effluent 
discharge  control  technologies  is  based  on  the  notion  of  connecting  suitable  and  compatible 
processes  together.  It  does  not  Imply  that  if  a  mill  Implements  one  train  that  the  next  logical 
step  Is  to  Implement  the  next  higher  numl>ered  train.  This  would  result  In  considerable  waste  of 
resources  in  some  cases.  The  "trains"  are  merely  technology  options  that  apply  for  each  sector. 

In  all  cases,  good  operational  management  practices,  as  discussed  on  page  223,  are  an  essential 
part  of  any  effluent  discharge  control  system.  They  are  not  included  in  the  technology  trains 
explicitly,  but  operating  cost  estimates  include  sufficient  staff  to  manage  all  systems  in  an 

environmentally  effective  manner. 

In  addition  to  the  essential  criteria  for  selection  of  technology  trains  discussed  on  page  55,  the 
authors  considered  the  likelihood  of  any  technology  being  adopted.  They  also  avoided  selecting 
trains  incorporating  very  similar  technologies,  or  weak  technologies.  If  a  technology  is  not 
Included,  it  is  not  Intended  to  mean  that  it  is  totally  unsuitable.  Site  specific  conditions,  innovative 
application  methods,  and  new  developments  may  make  a  weak  technology  perform  effectively . 


7.1  Kraft  Sub-sector 

It  is  assumed  that  all  kraft  mills  will  have  to  reduce  AOX  below  2.5  kg/tonne  pulp,  and  to  install 
secondary  effluent  treatment,  due  to  various  pressures  from  public,  Ontario  and  Federal  regulatory 
requirements,  and  from  customers.  Therefore,  all  technology  trains  evaluated  include  the 
necessary  equipment  for  this. 

In  the  case  of  kraft  pulp  mills,  there  are  so  many  alternative  technologies  available,  that  an  almost 
infinite  number  of  combinations  could  be  conceived.  The  terms  of  reference  of  this  report  required 
five  alternative  trains  be  evaluated.  Budget  and  time  constraints  prevent  evaluating  all  possibilities, 
but  applicable  technology  has  been  reviewed  in  foregoing  chapters.  Both  of  the  candidate 
technologies  for  lowering  the  Kappa  number  of  pulp  entering  the  bleach  plant  are  included,  since  it 
is  considered  that  the  comparison  is  valuable.  The  lowest  cost  of  the  five  trains  selected  would 
reduce  effluent  discharges  to  below  the  levels  norma!  in  most  western  Canadian,  US  and 
Scandinavia  mills;  while  the  most  expensive  corresponds  to  retrofitting  the  most  advanced 
technology  available  to  Ontario  mills,  and  could  reduce  effluent  discharges  to  the  lowest  in  the 
world. 

All  potential  technology  trains  considered  include  elimination  of  hypochlorite  bleaching  stages  to 
reduce  chloroform  discharges,  in  addition  to  the  reductions  that  result  from  the  substitution  of 
molecular  chlorine  by  chlorine  dioxide  and  non-chlorine  bleaching  agents. 

The  starting  point  for  effluent  reduction  at  source  for  all  technology  trains  in  kraft  pulp  mills  is  a 
good  quality  chip  supply.  This  requires  chips  that  are  processed  with  modern  thickness  screening 
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equipment  wfth  over-thick  chips  reprocessed  in  a  chip  sllcer.  Although  the  upgraded  chip 
screening  system  has  a  positive  impact  on  effluent  quality,  Its  principal  Justification  is  that  It  is  a 
prerequisite  for  a  top  performing  pulping  operation,  and  has  a  payback  from  reduced  operating 
costs.  The  authors  have  considered  that  mills  with  sub-standard  chip  preparation  systems  can 
justify  upgrading  primarily  on  economic  grounds.  There  are  no  allowances  in  the  estimates  for 
chip  preparation. 

Well  operated  batch  or  continuous  digesters  are  assumed  for  technology  trains  K1  and  K2. 
Oxygen  delignification  is  part  of  technology  train  K3  with  the  main  impact  on  the  kraft  system  being 
a  4.4%  Increase  in  solkis  to  the  recovery  boiler,  which  would  represent  a  3.3%  increase  In  heat 
input.  Train  K4  involves  application  of  extended  cooking  to  the  currently  proven  limit.  To  attain 
this,  the  only  technically  proven  approach  for  which  reliable  cost  estimates  can  be  calculated  Is  to 
replace  the  existing  digesters  with  a  continuous  digester.  The  increase  In  solWs  to  the  recovery 
boiler  will  be  approxln^ately  3%. 

Technology  train  K5  combines  K3  and  K4  with  t)0th  oxygen  dellgnfficatlon  and  digester  extended 
delignification.  There  would  be  a  significant  drop  In  bleached  yield,  from  40.0%  to  37.6%,  with  a 
corresponding  Increase  In  wood  consumption  and  an  Increase  in  steam  production.  These 
changes  represent  a  cost  increase  of  approximately  $13.00/ADt,  a  15%  increase  In  solids  to  the 
recovery  boiler,  and  a  16%  increase  in  heat  input. 

There  are  a  number  of  options  In  selecting  the  degree  of  delignification  In  the  digester  and  In  the 
oxygen  delignification  system.  Those  selected  for  the  calculations  were  chosen  on  the  basis  of 
Improving  the  effluent  characteristics  as  much  as  possible.  A  more  modest  degree  of 
delignification  in  the  pre-bleaching  stage  would  realize  a  substantial  improvement  in  cost  with  very 
tittle  increase  In  organochlorine  discfiarge. 
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7.1.1  Train  K1 

This  represents  the  simplest  way  of  complying  with  the  most  demanding  cun'ent  Ontario  and 
probable  Federal  requirements  on  BOD  TSS.  Toxicity,  AOX,  PCDD/PCDFs  (dioxins  and  furans), 
and  will  reduce  discharges  of  virtually  all  of  the  substances  on  the  EMPPL  list  substantially. 

Internal  spill  control 

Where  brown  stock  washing  losses  exceed   10i<g  saltcal(e/tonne  pulp,   install   one 

additional  washing  stage.    If  tosses  exceed  25  kg/tonne,  replace  washing  system 

(assume  belt  washer  for  cost  purposes) 
Sufficiently  high  cNorine  dioxide  substitution  to  reduce  emissions  of  2,3,7,8  TODD  and 

TCDF  below  detection  levels^ 
ASB  (or  AST  where  space  constraints  prevent  ASB).  Systems  include  emergency  spill 

containment. 

7.1.2  Train  K2 

Similar  to  train  K1 ,  but  with  elimination  of  molecular  chlorine.  Corresponds  to  the  best  attainable 
improvement  in  effluent  quality  by  internal  'reduction  at  source"  measures  without  modifying  the 
Kappa  number  entering  the  bleach  plant.  Any  hypochlorite  t>leaching  stages  would  be  eliminated, 
with  additional  chlorine  dioxkle  bleaching  equipment  installed  as  appropriate. 

Internal  spill  control 

Convert  bleach  plant  to  D  E,  D  ED  sequence 

Where  brown  stock  washing  losses  exceed  10  kg  saltcake /tonne  pulp,  install  one 
additional  washing  stage.  If  losses  exceed  25  kg/tonne,  replace  washing  system 
(assumed  belt  washer  for  cost  purposes) 

ASB  (or  AST  where  space  constraints  prevent  ASB).  Systems  include  emergency  spill 
containment. 


7.1.3  Train  K3 

Similar  to  train  K2,  but  with  oxygen  delignification  to  reduce  the  Kappa  number  of  the  pulp  entering 
the  t)leaching  process. 

Internal  spill  control 

Oxygen  delignification  (medium  consistency,  as  installed  in  many  mills  1980-1991) 

Convert  t>leach  plant  to  O^^^  D  Eq  D  E  D  sequence  ^ 

Where  brown  stock  washing  losses  exceed   10  kg  saltcake/tonne  pulp,   install   one 

additional  washing  stage.   If  losses  exceed  25  kg/tonne,  replace  washing  system 

(assumed  belt  washer  for  cost  purposes) 
ASB  (or  AST  where  space  constraints  prevent  an  ASB) 


^  Consldemdas  10  pica  grams/litmTEQ  for  the  purposes  of  this  rsport. 
*  WW  ivMrs  to  two  stage  washing. 
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7.1.4  Train  K4 

Similar  to  train  K3,  but  including  extended  cooking  instead  of  oxygen  deligniflcatlon.  Resutts  are 
similar  to  those  attainat}le  with  train  K3. 

Internal  spill  control 

Extended  cooking  (requires  new  digesters) 

Convert  bleach  plant  to  D  Eq  D  ED  sequence 

Where  brown  stock  washing  losses  exceed   10  kg  saltcake/tonne  pulp,   install  one 

additional  washing  stage.  If  losses  exceed  25  kg/tonne,  replace  washing  system 

(assumed  belt  washer  for  cost  purposes) 
ASB  (or  AST  where  space  constraints  prevent  an  ASB) 

7.1.5  Train  K5 

Combination  of  trains  K3  and  K4.  This  would  represent  the  most  effective  effluent  control 
attainable  by  demonstrated  technology. 

Internal  spill  control 

ExterxJed  cooking  (MCC  or  RDH  as  appropriate) 

Convert  bleach  plant  to  OOyj^  D  Eq  D  sequence" 

Where  brown  stock  washing  losses  exceed   10  kg  saltcake/tonne  pulp,   install  one 

additional  washing  stage.   If  losses  exceed  25  kg/tonne,  replace  washing  system 

(assumed  belt  washer  for  cost  purposes) 
Activated  siudge  secondary  treatment  system 

The  oxygen  deligntflcatlon  system  Includes  two  stages,  because  this  is  currently  considered  the 
state-of-the-art.  A  major  manufacturer  advised  that  the  capital  cost  Is  very  similar  to  a  single  stage, 
and  perhaps  slightly  lower,  since  the  two  pressure  vessels  required  can  often  be  shop  fabricated, 
whereas  a  single  stage  would  require  more  expensive  field  fabrication. 

7.1.6  Exceptional  kraft  miils 

The  foregoing  trains  cannot  be  applied  as  stated  to  the  Domtar  mill  at  Redrock. 

The  Domtar  mill  bleaches  only  about  60  tonnes/day  pulp,  and  only  to  the  seml-t)leach  status 
required  for  newsprint  manufacture,  whereas  all  the  other  Ontario  kraft  milts  bleach  to  at  least  the 
88  ISO  brightness  required  for  integrated  fine  paper  making  or  for  market  pulp.  It  Is  technically 
feasible  to  apply  trains  K1  and  K2,  although  the  cost  per  tonne  pulp  Is  high,  as  indicated  In  the  cost 
summary  tables  In  Chapter  8.  While  trains  K3,  K4  arxJ  K5  could,  in  principle,  be  applied,  there  Is  no 
demonstrated  experience  with  equipment  for  such  small  pulp  production  rates,  and  the  equipment 
manufacturers  cannot  readily  indicate  prices  for  such  small,  non-standard  equipment.     In  any 


67  Notice  that  tttis  bleach  sequence  would  render  the  former  E^  and  D^  washers  unnecessary  In  most  mills,  so  they  could 
perhaps  t>e  used  for  post-oxygen  washing. 
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event,  It  is  obvious  that  the  economies  of  scale  would  be  so  far  against  such  an  Installation  that  it 
would  be  a  waste  of  resources  to  attempt  the  analysis. 

However,  the  very  low  brightness  required  for  newsprint  grades  suggests  that  the  Lignox  process, 
described  on  page  234  nr^y  be  applicalole.  The  history  of  this  process  in  the  Aspa  mill  leads  the 
authors  to  conclude  that  it  has  proven  its  ability  to  produce  kraft  pulp  sufficiently  bright  for 
newsprint  (67  to  70  ISO).  The  cost  estimates  are  based  on  the  authors'  estimates  of  the  chemicals 
required. 

The  E.B.  Eddy  mill  already  uses  high  chlorine  dioxide  substltulion  and  neither  TCDD  nor  TCDF 
were  detected  in  its  effluent  during  the  1990  monitoring  program.  The  mill  is  operating  at  a  level 
equivalent  to  train  K3. 

The  mill  has  retro-fitted  extended  cooking  capabilities,  but  these  are  not  capable  of  lowering  the 
Kappa  number  to  the  state-of-the-art  levels  that  a  new  digester  can  attain,  so  the  cost  estimates 
include  the  latter  for  trains  K4  and  K5. 

7.1.7  Reduction  of  kraft  mill  effluent  flows 

The  effluent  flows  in  the  nine  mills  in  the  kraft  sub-sector  ranged  from  approximately  75  to 
170  m^/tonne  in  1990.  Historically,  there  has  been  a  strong  incentive  for  Car>adian  mills  NOT  to 
reduce  effluent  flows,  since  the  Federal  and  Provincial  requirements  for  non-toxic  effluent  were 
based  on  concentration  of  toxic  substances  in  the  effluent,  and  at  various  times  concentration 
starKlards  have  been  applied  for  other  substances,  including,  for  example,  50  mg/L  for  BOD  arxi 
TSS  in  Ontario,  and  0.03  mg/L  for  Phosphorus  discharges  from  the  Paperboard  Industries  mill  at 
Trenton. 

There  have  never  been  any  regulations  that  directly  encouraged  low  effluent  flows  in  Canada,  and 
the  authors  are  not  aware  of  any  in  other  parts  of  the  world.  Where  raw  water  is  expensive  or 
unavailable,  one  finds  relatively  low  effluent  flows.  One  example  Is  the  Giatfelter  mill  discussed  in 
Appendix  C,  which  uses  65  m^/tonne  to  manufacture  bleached  kraft  pulp  ar>d  a  wkJe  variety  of 
speciality  fine  paper  grades  in  an  integrated  paper  mill  with  eight  machines.  The  MonsterSs  mill  in 
Sweden  (also  discussed  in  ApperKiix  C)  uses  50  m^/tonne  to  manufacture  market  pulp.  A  recent 
NCASI  study  (Borton  1991)  mentions  a  market  kraft  mill  using  57m3/tonne  and  an  integrated 
kraft/fine  paper  mill  using  47  m^/tonne. 

It  Is  not  unusual  for  mills  to  institute  water  conservation  programs  prior  to  installing  effluent 
treatment  systems,  in  the  interests  of  lowering  capital  costs.  In  the  authors'  experience,  the 
economic  optimum  flow  is  somewhat  under  100  m^/tonne  if  an  activated  sludge  system  is  being 
installed,  and  substantial  flow  reduction  is  rarely  economically  justifiable  when  an  ASB  is  the 
effluent  treatment  process.  Where  BAT  effluent  quality  is  desired  ar>d  biological  effluent  treatment 
is  being  used,  flows  would  have  to  be  reduced  to  the  lowest  levels  proven  to  be  technically 
feasible.  While  this  will  reduce  effluent  treatment  costs  somewhat,  the  net  effect  of  reducing  flows 
would  be  to  raise  capital  costs  and  increase  equipment  maintenance  costs. 

All  of  the  above  technology  trains  would  achieve  some  reduction  in  effluent  flow,  and  the  cost 
estimates  include  allowances  for  reduction  of  effluent  flows  to  50  m^/tonne.  The  allowance  varies 
according  to  the  size  of  the  mill,  the  current  flow  and  whether  other  process  modifications  in  the 
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same  technology  train  would  reduce  flows.  For  example,  where  a  new  brown  stock  washing 
system  Is  required  and  Included,  It  would  reduce  effluent  flows  substantially  by  Itself. 

7.1.8  Reduction  of  BOD  and  TSS  components 

The  discharges  of  BOD  and  TSS  that  result  from  the  application  of  each  altematlve  technology 
train  to  each  kraft  mitt  are  shown  In  Figures  43  and  44."* 

it  Is  characteristic  of  external  treatment  systems  for  pulp  and  paper  mill  wastes  that  attainable 
effluent  BOD  and  TSS  are  related  to  "floor"  effluent  concentrations  rather  than  to  proportional 
reduction  of  loads,  or  to  the  untreated  effluent  BOD  and  TSS  concentrations.  Minimum  attainable 
discharge  rates  for  BOD  and  TSS  are  therefore  closely  related  to  water  usage.  Hence,  water 
conservation  programs  are  key  tools  in  attaining  very  low  discharges  of  TSS  and  BOD. 

Trains  K1  to  K4  include  ASB  secondary  treatment  systems  where  space  permits  on  the  mill  site, 
otherwise  AST  Is  used.  Train  K5  incorporates  activated  sludge  secondary  treatment,  so  will  have 
lower  BOD  and  TSS  discharges.  In  the  cases  of  Domtar  at  Cornwall  and  CPFP  at  Thunder  Bay, 
the  AST  process  was  used  for  ail  trains,  since  these  mill  sites  lack  sufficient  space  for  an  ASB. 
Trains  K2  to  K4  all  presume  the  same  50  m^/tonne  process  effluent  flow  and  secondary  treatment 
technology  (ASB),  so  will  therefore  have  the  same  BOD  and  TSS  production  based  discharge 
loads  (kg/t).  Train  Kl  incorporates  reduction  of  effluent  flows  to  60  m^/tonne. 
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The  bars  for  each  mill  refer  to  1991  discharge, 
followed  by  trains  1  to  5  from  left  to  right 
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Trains  K4  and  K5  are  not  applicable  at  Domtar,  Redrock. 
Refer  to  numerical  presentation  of  data  in  Chapter  8  for  values  too  tow  to  read  on  this  scale. 

Figure  43  BOD  discharges  for  kraft  sub-sector  technology  trains 


The  "1991"  discharges  shown  for  BOD  and  TSS  represent  the  discharge  conditions  expected  after 
any  effluent  discharge  control  systems  which  started  construction  prior  to  May  1991  are 
operational.  They  correspond  to  the  basis  for  capital  and  operating  cost  estimates  In  this  report. 


*°  The  effluent  data  am  also  shown  numeiicalty  in  Chapter  8  for  all  sub-sectors. 
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The  bars  for  each  mill  refer  to  1991  conditions, 
followed  by  trains  1  to  5  from  left  to  right 
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Trains  K4  and  K5  are  not  applicable  at  Domtar,  Redrock. 

Figure  44  TSS  discharges  for  kraft  sub-sector  technology  trains 
7.1.9  Reduction  of  COD 

The  reduction  in  BOD  for  the  different  trains  is  the  same  for  any  one  milt  because  of  the 
characteristic  floor  concentrations  available  with  biological  treatment.  However,  there  is  a  major 
difference  in  the  COD  discharged  between  the  different  trains,  because  the  internal  measures  for 
discharge  prevention  at  source  which  are  incorporated  into  some  trains  are  much  more  effective  in 
reducing  COD  than  BOD. 

Tat)le  34,  based  on  Table  21,  shows  the  results  of  a  detailed  mass  balance  of  all  the  trains  for  a 
generic  bleached  marl<et  l<raft  pulp  mill.  It  is  assumed  that  the  COD  consists  of  dissolved  organics 
from  the  mill,  and  condensates.  TSS  is  not  included  because  they  are  insignificant  and  will  remain 
the  same  in  all  trains.  The  table  shows  that  the  COD  removal  is  almost  doubled  from  train  K1 
(35  l<g/ADt  removed)  to  train  K5  (60  kg/ADt  removed).  The  COD/BOD  and  COD/AOX  ratios  of 
discf^rges  are  much  improved  by  the  Internal  measures  in  train  K3,  K4  and  K5  (oxygen 
delignification  arKi  extended  cooking)  rather  than  by  the  lower  capital  cost  option  of  adopting 
100%  chlorine  dioxide  substitution  and  biological  treatment.  The  biological  treatment  plant  for  the 
latter  three  trains  is  considerably  smaller  than  for  train  K1  and  K2. 

Table  34  Calculation  of  COD  mass  balance  for  generic  market  bleached  kraft  pulp  mill 
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7.1.10  Reduction  of  AOX  components 

Ability  to  reduce  AOX  discharges  was  one  of  the  major  criteria  in  selecting  the  technology  for  the 
technology  trains  for  the  kraft  sub-sector,  since  regulators  worldwide  are  particuiarty  in  favour  of 
regulating  this  parameter.  The  1990  AOX  discharges  from  the  Ontario  mills  are  presented  In  the 
reports  on  the  MISA  sampling  program  (MISA  1991).  These  data  are  already  somewhat  obsolete, 
since  several  mills  implemented  measures  to  reduce  AOX  discharges  In  late  1990  and  early  1991. 
The  authors  estimated  the  AOX  discharge  rates  for  April  1991,  to  serve  as  the  basis  for  the  cost 
estimates  discussed  in  Chapter  8.  These  data  are  shown  In  Figure  45.  along  with  the  predicted 
discharges  for  the  various  technology  trains. 

Train  K1  will  substantially  eliminate  the  bioaccumuiatlve  fraction  of  AOX  (approximately  0.1%  of  the 
AOX  from  conventional  chlorine  bleaching).  There  will  still  be  weak  chronic-toxic  effects  of  the 
effluent  after  this  train,  suspected  to  be  caused  by  non<hlorinated  wood  extractives  (Foike  1991). 
Train  K2  will  further  reduce  AOX  by  about  0.7  kg/ADt  but  wHI  not  eliminate  any  of  the  compounds 
that  cause  these  weak  chronic-toxic  effects  (except  that  the  chip  upgrading  would  be  somewhat 
beneficial  in  this  respect)  (MFG  1991).  Trains  K3  and  K4  will  be  more  effective  in  reducing  weak 
chronic-toxic  effects  due  to  the  incorporation  of  oxygen  delignlfication  or  extended  cooking  to 
reduce  the  amounts  of  wood  extractives  in  the  effluent.  Trains  K2,  K3,  K4  arxJ  K5  all  use  100% 
chlorine  dioxkJe  substitution.  The  additional  AOX  reduction  that  results  from  this  total  elimination 
of  molecular  chlorine  when  compared  to  that  achieved  by  train  K1  is  primarily  of  low-chlorinated 
AOX  of  the  types  that  are  synthesized  in  natural  aquatk;  ecosystems  (Grimvall  1 991 ). 


The  bars  for  each  mill  refer  to  1991  discharges, 
followed  by  trains  1  to  5  from  left  to  right 
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Figure  45  AOX  discharges  for  kraft  sub-sector  technology  trains 
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The  "1991"  discharges  shown  for  AOX  represent  the  discharge  conditions  expected  after  the 
improved  bleaching  systems  at  several  mills  on  which  construction  commenced  prior  to  May  1991 , 
and  the  AST  system  at  Canadian  Pacific  Forest  Products  Ltd.,  ThurxJer  Bay  are  operational.  They 
correspond  to  the  basis  for  capital  and  operating  cost  estinr^tes  In  this  report. 

COD/AOX  or  DOC/AOX  ratios 

The  COD/AOX  ratio  reflects  the  chlorination  rate  of  organic  materials  as  discussed  on  page  115. 
Train  Kl  Is  expected  to  result  in  a  COD/AOX  ratio  around  20,  K2  will  probably  have  a  ratio  around 
30  and  trains  K3  to  K5  will  have  a  ratio  around  40.  Therefore  the  AOX  resulting  from  trains  K3  to  K5 
has  a  closer  resemblance  to  naturally  synthesized  AOX  tfwn  the  AOX  discharged  by  mills  using 
trains  Kl  and  K2. 

7.1.11  Reduction  of  chlorophenols 

Chlorophenols  cannot  be  considered  as  a  homogeneous  group.  Lower  chlorinated  phenols,  i.e. 
with  a  single  or  perhaps  two  chlorine  atoms  on  the  ring  are  biodegradable  and  less  lipophilic  than 
chlorophenols  with  three  or  more  chlorine  atoms  on  the  ring.  Bleach  plants  using  high  amounts  of 
molecular  chlorine  can  form  a  range  of  polychlorinated  phenols  (PoCPs).  Among  these  are 
tetrachlorinated  guaiacoi  and  catechol,  2,4,6-trichlorophenol  and  other  trichiorinated  phendics  and 
guaiacols  of  catecholic  origin.  When  the  chlorine  multiple  of  the  C/D  stage  is  lowered,  the  mono 
arKJ  dichlorinated  are  the  principal  phenols  formed.  All  chlorophenols  can  be  reduced  by 
biological  treatment.  Mono  and  dichlorinated  phenoiics  by  degradation,  polychlorinated  ones  by 
association  with  suspended  solids  removed  during  the  process.  (The  fate  of  the  latter  will  depend 
on  the  subsequent  sludge  handling). 

The  MISA  program  included  the  analyses  of  2,4-dichlorophenol  and  2,4,6-trichlorophenol.  but  none 
of  the  other  chlorophenols  of  bleach  plant  origin.  2,4-dichiorophenol  will  be  reduced  below 
0.5  g/ADt  by  all  trains  because  of  the  biological  treatment,  whereas  2,4,5-trichIorophenols  may  be 
present  in  amounts  around  0.5  g/ADt  after  biological  treatment  in  trains  Kl  and  K2.  Trains  K3 
to  K5  are  marginally  tietter  in  reducing  2,4,6-trichlorophenol  with  amounts  certainly  being  lower 
than  0.5  g/ADt.  Treated  discharges  of  2,4,6-trichlorophenol  may  be  lower  than  0.1  mg/ADt.  but 
there  are  no  data  available  to  substantiate  this  for  a  bleach  plant  applying  100%  chlorine  dioxide 
substitution. 

7.1.12  Reduction  of  chloroform 

Chloroform  Is  primarily  formed  by  the  alkaline  haloform  reaction  in  the  hypochlorite  stage  of  the 
bleach  plant,  if  any.  In  mills  using  hypo  bleach,  amounts  from  200  to  1000  grams  chloroform /ADt 
in  untreated  effluent  have  been  reported.  Elimination  of  the  H-stage  reduces  the  amount  of 
chloroform  in  untreated  effluent  by  a  factor  of  about  100. 

Chloroform  is  not  aerobically  degradable,  but  aerobic  biological  treatment  will  reduce  the 
concentration,  a  factor  of  10  to  100  depending  on  the  concentration  in  the  untreated  effluents,  by 
purging  to  the  air.  Internal  process  modifications  to  reduce  the  formation  of  chloroform,  such  as 
elimination  of  the  H-stage  (as  in  trains  K2-K5),  and  the  reduction  of  chloroform  precursors  as 
resulting  from  trains  K3  to  K5  is  the  only  way  to  reduce  environmental  exposure  to  chloroform  from 
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bleach  plants.  These  will  bring  chlorofomi  down  to  levels  below  0.1  mg/L  In  treated  effluents 
without  stripping  signtficant  amounts  to  the  atmosphere. 

7.1.13  Reduction  of  resin  acids 

Prediction  of  the  extent  of  reduction  of  resin  acid  discharges  attainable  by  the  alternative 
technology  trains  is  complicated  by  a  lack  of  general  data.  The  1990  MISA  monitoring  program 
provides  some  Information,  as  does  the  detailed  effluent  characterization  of  effluents  at  the 
Mdnsterds  mill  discussed  In  Appendix  C. 

Both  of  the  Ontario  kraft  mills  which  have  biological  treatment  systems  approaching  BAT  quality 
effluent  with  respect  to  BOD  and  TSS,  discharge  an  average  of  3  grams  total  resin  acids  per  tonne 
pulp,  with  a  maximum  value  of  12.3  g/tonne  for  one  sample  In  the  first  six  months  of  1990. 

All  the  kraft  technology  trains  Include  effluent  treatment  systems  designed  to  criteria  similar  to  the 
Terrace  Bay  installation,  so  they  can  be  expected  to  reduce  the  resin  acid  content  similarly.  There 
are  insufficient  data  to  predict  daily/monthly/annual  values.  Trains  K3,  K4  and  K5  would  recycle 
and  bum  approximately  half  of  the  100  to  200  g/tonne  resin  ackJs  normally  discharged  from  a  mill 
with  conventional  pre-bleaching  processes.  This  could  be  expected  to  reduce  the  final  resin  acid 
content  somewhat,  but  there  are  insufficient  data  for  quantitative  predictions.  The  Espanda  mill, 
which  uses  oxygen  dellgntflcation,  discharges  essentially  the  same  quantities  of  resin  ackJs  as  the 
Terrace  Bay  mill  which  has  conventional  bleaching  but  a  more  efficient  ASB. 

7.1.14  Reductions  In  sub-lethal  toxicity 

Resin  acfcis  are  components  of  black  liquor,  especially  soap.  They  are  frequently  reported  In  the 
t)leach  plant  E^  stage,  because  the  lipophilic  iignin  that  they  are  associated  with,  in  the  brown 
stock,  is  made  more  soluble  by  the  action  of  chlorine  compounds  in  the  first  C/D  stage.  The 
subsequent  treatment  In  alkali  transforms  resin  ackJs  Into  their  Ionized  form  so  that  they  can  be 
washed  out.  Resin  ackis  are  tracers  of  black  liquor  solubles  in  untreated  effluents.  Reducing  resin 
acids  in  such  effluents,  implies  reduction  of  the  overall  amount  of  black  liquor  solubles  Part  of 
these  solubles  resist  biological  degradation  In  the  biological  treatment  plants,  and  are  the  cause  of 
weak  chronic  toxic  effects  in  treated  effluents.  Therefore,  trains  K3  to  K5  involving  internal 
measures  to  reduce  solut)le  matter  by  returning  a  greater  fraction  of  the  black  liquor  to  the 
recovery  system  can  be  expected  to  reduce  non-biodegradable  black  liquor  solubles  In  the  treated 
effluent. 

Trains  K3  and  K5  are  expected  to  be  more  effective  In  reducing  weak  chronic  toxic  effects 
associated  with  persistent  compounds  in  kraft  black  liquor  (MFG  1991).  According  to  Borton 
(1991)  the  concentrations  of  effluents  from  mills  using  oxygen  delignification  which  caused  a  25% 
reduction  In  the  numbers  of  young  produced  in  receiving  waters  were  three  times  higher  than  for 
conventional  mills.    This  IrxJIcates  that  trains  K3  and  K5  can  be  expected  to  be  more  effective  in 
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reducing  the  effects  of  mill  effluents  on  reproduction,  than  trains  K1  and  K2  in  this  respect^^. 
Neither  MFG  nor  Borton  have  data  to  comment  on  the  effects  of  technology  such  as  train  K4  which 
uses  extended  cooking  technology  to  remove  similar  quantities  of  black  liquor  solids  from  the 
untreated  effluents  as  the  oxygen  delignrfication  system  in  train  K3.  One  would  expect  the  effluent 
from  train  K4  to  be  similar  to  K3  with  respect  to  persistent  compounds,  but  there  no  data  to 
support  or  contest  such  a  conclusion. 


7.2  Sulphite  Mechanical  Sub-sector 

The  variety  of  in-plant  technology  available  for  effluent  discharge  prevention  at  source  for  this  type 
of  mill  is  quite  restricted  relative  to  the  krafl  mills  discussed  previously.  The  technology  of  reducing 
effluent  flows  in  this  type  of  mill  is  well  known,  but  has  generally  not  been  implemented  in  Ontario, 
presumably  for  reasons  similar  to  those  discussed  on  page  245  for  the  kraft  sub-sector, 

Envirocon  (1977)  indicated  that  significant  reductions  in  BOD  and  TSS  discharges  could  be 
expected  to  accompany  reductions  in  flows  of  process  effluents  in  newsprint  mills.  However,  there 
does  not  appear  to  have  been  any  more  recent  publications  on  this  subject. 

The  Envirocon  report  mentioned  one  mill  which  operated  with  a  process  effluent  flow  of 
approximately  55  m^/tonne.  The  Hylte  mill  discussed  in  Appendix  C  operates  with  15  m^/tonne  of 
effluent.  The  authors  considered  the  practicality  of  reducing  effluent  flows  to  this  level  in  Ontario, 
but  feel  that  the  time  scale  of  the  current  MISA  program  would  limit  the  attainable  flows  to  aboiit 
50  m^/tonne.  In  any  event,  the  only  significance  of  effluent  flow  is  to  arrive  at  a  definition  of  an 
attainable  effluent  discharge  for  those  parameters  that  reach  a  floor  concentration  with  proven 
external  treatment  technology. 

With  considerable  reservation,  the  authors  decided  not  to  include  the  ASB  process  in  the  following 
BAT  technology  trains,  for  the  mills  as  they  exist  to-day,  because  of  a  lack  of  full  scale 
demonstrated  operation  in  cold  climates.  The  very  few  mills  similar  to  those  in  Ontario's 
sulphite/mechanical  sub-sector  which  have  been  required  to  install  secondary  treatment  use  the 
AST  process.  Most  newsprint  mills  in  Canada  and  the  Northern  US  which  have  secondary 
treatment  abandoned  the  high-yield  sulphite  operations  and  either  purchase  kraft  pulp  or  produce 
a  100%  TMP  sheet.  ASB  operations  in  somewhat  similar  mills  at  the  Finlay  Forest  Mill  in 
MacKenzie,  BC  and  the  Abitibi-Price  mill  in  Stephenvilte,  Newfoundland  demonstrate  that  an  ASB 
could  perhaps  be  used  successfully,  so  the  authors  consider  that  it  should  not  be  excluded  for 
evaluation  by  mills  and  regulators. 

7.2.1  Train  Si 

Install  an  activated  studge  treatment  system  (AST)  to  treat  all  wastes.  Modifications  to  reduce 
effluent  flows  internally  to  50  m^/tonne,  or  lower,  where  appropriate. 


Barton's  work  reflects  relatively  small  receiving  water  flows  and  short  term  effects  only. 
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7.2.2  Train  S2 

As  train  S1  above,  but  w[th  the  addition  of  a  granular  filter  to  reduce  TSS  discharges,  thus  reducing 
the  discharges  of  the  pollutants  that  terxl  to  travel  with  the  solid  fraction  of  the  effluent  stream. 

7.2.3  Train  S3 

As  train  Si  above,  but  with  the  addition  of  chemically-aided  coagulation  to  reduce  suspended 
solids  and  phosphate  discharges.  This  process  will  also  reduce  heavy  metals  in  the  effluent 
stream,  but  will  concentrate  them  in  the  sludge. 


The  1990  effluent  discharges  and  the  expected  results  of  applying  each  of  these  trains  to  the  mills 
In  the  sub-sector  are  shown  in  Figure  46  and  47/° 
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Figure  46  BOD  discharges  for  sulphHe/mechanicat  and  corrugating  sector  technoiogy  trains 
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Figure  47  TSS  discharges  for  sulphite/mechanical  and  con'ugating  sector  technology  trains 


™  Th0  efftuent  data  am  ^so  shown  numoricaify  in  Chapter  8  for  all  sub-sectors. 
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7.2.4  Atternatlve  technology  for  the  sulphite/ mechanical  sector 

Replace  the  complete  pulping  facility  with  a  new  TMP  mill.  The  newsprint  and/or  speciality  paper 
machines  would  operate  as  at  present.  A  new  TMP  mill  of  the  size  range  that  would  generally  t^e 
required,  would  cost  approximately  $100  to  $150  million. 

The  pulp  mill  would  produce  thermomechanical  pulp,  which  would  be  the  only  furnish  for  the  paper 
machines  in  the  newsprint  mills,  apart  from  any  deinked  stoclt  used.  Mills  producing  groundwood 
specialities,  as  at  St.  Marys,  would  continue  to  use  some  purchased  chemical  pulp. 

Install  an  ASB  effluent  treatment  system  (or  AST  where  space  constraints  prevent  ASB).  The  costs 
for  this  would  be  in  the  order  of  half  those  for  treatment  of  the  mill  effluents  as  they  existed  in  1 990. 

This  alternative  is  effectively  a  replacement  of  a  major  part  of  the  mill,  and  could  be  considered 
outside  the  scope  of  this  report.  However,  this  is  the  approach  taken  by  most  mills  elsewhere 
who  were  faced  with  the  high  costs  of  treating  sulphite  waste  liquor. 


7.3  Corrugating  Sub-sector 

There  are  only  two  mills  in  this  sub-sector,  and  a  limited  number  of  relevant  technologies  available. 
In  many  ways  they  parallel  the  possibilities  for  the  sulphite/mechanical  sub-sector. 

7.3.1  Train  CI 

Install  an  activated  sludge  treatment  system  (AST)  to  treat  all  wastes.  Install  modifications  to 
reduce  effluent  flow  at  source  as  appropriate. 

7.3.2  Train  C2 

As  train  CI  above,  but  with  the  addition  of  a  granular  filter  to  reduce  suspended  solids  discharges, 
thus  reducing  the  discharges  of  the  pollutants  that  tend  to  travel  with  the  solid  fraction  of  the 
effluent  stream. 

7.3.3  Train  C3 

As  train  CI  above,  but  with  the  addition  of  chemically-aided  coagulation  to  reduce  suspended 
solids  and  phosphate  discharges.  This  process  will  also  reduce  heavy  metals  in  the  effluent 
stream,  but  will  concentrate  them  in  the  sludge. 

The  1990  effluent  discharges  and  the  expected  results  of  applying  each  of  the  foregoing 
technology  trains  to  the  mills  in  the  sub-sector  are  shown  in  Figures  46  and  47,  (page  252). 

7.3.4  Other  options  for  corrugating  mills 

Liquor  incineration/chemical  recovery 

Install  a  waste  liquor  incineration  system  to  minimize  the  losses  of  organics  to  the  effluent.  This 
would  include  pulp  washing,  spill  control  and  evaporation  of  the  waste  liquor.  The  pulping  process 
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would  be  converted  to  a  non-sulphur  variation,  so  that  the  ash  recovered  from  the  boiler  would  be 
either  reusable  or  marketable  In  competition  with  caustic. 

The  paper  machine  white  water  system  would  be  Integrated  with  the  pulp  mill,  so  that  the  only 
effluent  from  the  paper  mill  would  be  slightly  contaminated  vacuum  p>ump  seal  water. 

This  approach  has  been  used  In  several  US  mHls  aixl  at  Cabano,  Quebec.  However  the  trend 
towards  Increasing  use  of  waste  paper  makes  further  Installations  less  likely.  There  are  two  Ontario 
mills  that  could  potentially  use  this  process.  One  Is  Domtar  at  Trenton,  where  the  waste  liquor  is 
presently  recovered  and  used  as  road  binder,  so  that  Incineration  would  have  little  effect  on  the 
effluent  discharges.  The  other  Is  at  Sturgeon  Falls,  but  this  mill  has  recently  installed  an  anaerobic 
treatment  system  as  an  alternate.  In  view  of  the  low  possibility  of  this  process  modification  being 
Installed,  or  even  being  environmentally  useful,  In  Ontario,  cost  estimates  were  not  prepared. 

Waste  paper  furnish 

Eliminate  chemical  pulping  and  replace  with  100%  waste  paper  furnish,  with  closed  cycle 
operation.  Products  could  then  Include  llnerboard  and  other  packaging  materials.  This  Is  a 
plausible  option,  which  has  t)een  undertaken  by  other  former  corrugating  medium  mills.  The 
authors  found  it  Impracticable  to  prepare  credible  estimates  of  cost,  but  it  Is  clear  that  It  Is  not 
unreasonable  to  assume  that  it  could  be  economically  feasible.  The  technologies  required  to 
convert  a  board  mill  to  closed  cycle,  zero  effluent  operation  do  not  require  excessive  quantities  of 
energy  or  create  unacceptable  quantities  of  solid  waste.  Refer  to  the  discussion  on  the  Grenaa  mill 
In  Appendix  C. 

One  mill  operator  expressed  concerns  that  the  solki  waste  disposal  problems  could  be 
Insurmountatjie.  There  is  no  doubt  that  it  is  extremely  difficult  to  predict  costs  of  solkJ  waste 
disposal  for  new  landfill  sites  In  Ontario,  due  to  the  uncertainty  as  to  the  expectations  of  the 
Ministry  and  the  public. 
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7.4  Deinklng/Board/Flne  Paper/Tissue  Sub-sector 

The  opportunities  for  effluent  reduction  at  source  In  these  milts  are  generally  limited  to  improving 
white  water  management.  Some  mills  In  this  sector  have  already  done  so  to  a  remarkable  degree, 
such  as  the  Kimberly-Clark  mill  at  Huntsviile,  but  it  is  not  technically  feasible  to  attain  an  equal 
degree  of  recycle  in  all  mills  in  this  sub-sector. 

The  alternative  technology  trains  all  include  effluent  flow  reduction  to  under  50  m^/tonne  product 
by  internal  process  modifications,  and  various  alternative  forms  of  external  treatment. 

7.4.1  Train  Fl 

Install  an  aerated  stabilization  basin  (ASB),  where  appropriate.  The  Kimberly-Clark  mills  at  St. 
Catharines  and  at  Huntsviile  already  discharge  effluent  of  better  quality  than  attainable  with  an 
ASB.  Domtar  at  St.  Catharines.  NorarxJa  at  Thorold  arxi  E.B.  Eddy  at  Ottawa  all  lack  the  necessary 
space,  and  being  urt)an  locations  it  would  be  impractical  to  install  an  ASB. 

7.4.2  Train  F2 

Install  an  activated  sludge  treatment  system.  The  Kimberly-Clark  mills  at  St.  Catharines  and  at 
Huntsviile  already  discharge  effluent  of  equal  or  better  quality  than  would  be  attainable  with  an  AST 
system. 

7.4.3  Train  F3 

Install  an  AST  with  tertiary  treatment  of  effluent  by  granular  filtration. 

7.4.4  Train  F4 

Install  an  AST  with  tertiary  treatment  of  effluent  by  coagulation. 

The  1990  effluent  discharges  and  the  expected  results  of  applying  each  of  the  foregoing 
technology  trains  to  the  mills  in  the  sub-sector  are  shown  in  Figures  48  and  49.  The  quantities  of 
pollutants  discharged  by  the  Kimberly-Clark  Canada  mill  at  Huntsviile  are  too  low  to  be  visible  on 
the  scale  of  the  graph.  They  will  not  change,  since  none  of  the  BAT  technology  trains  would  be 
applicable  to  that  mill. 
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Figure  48  BOD  discharges  from  deinking/board/fine  papers/tissue  sub-sector  technology 

trains 


The  bars  for  each  mill  refer  to  existing  discharge, 
followed  by  trains  1  to  4  from  left  to  right 
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Figure  49  TSS  discharges  from  deinking/board/fine  papers/tissue  sub-sector  technology 

trains 

7.4.5  Other  options 

Complete  system  closure.  This  Is  potentially  applicable  to  the  Paperboard  Industries  mill  at 
Trenton  and  the  Beaver  Wood  Fibre  mill  at  Thorold  only. 

This  is  a  plausible  option,  which  has  been  undertaken  by  various  board  mills.  The  authors  found  it 
Impracticable  to  prepare  credible  estimates  of  the  costs  for  the  Ontario  mills,  since  this  would 
require  several  weeks  of  engineering  time  to  calculate  the  mass  and  energy  balances  required. 
iHowever,  it  is  clear  that  it  is  not  unreasonable  to  assume  that  It  could  be  economically  feasible, 
since  an  Increasing  number  of  mills  do  so.  The  technologies  required  to  convert  a  board  mill  to 
closed  cyde,  zero  effluent  operation  do  not  require  excessive  quantities  of  energy  or  create 
unacceptable  quantities  of  solid  waste.  Generally,  it  Is  technically  simpler  to  modify  mills  such  as 
these  which  do  not  manufacture  pulp  on  site  than  in  the  case  of  mills  such  as  Green  Bay 
(discussed  previously  on  page  185  and  226)  which  manufactured  pulp.  Refer  also  to  the  example 
of  the  Grenaa  mill  discussed  in  Appendix  C. 
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8  COSTS  of  APPLICATION  of  TECHNOLOGY  TRAINS 


Capital  and  operating  costs  were  estimated  for  implementation  of  each  of  the  alternative 
technology  trains  described  in  Chapter  7,  for  each  of  the  27  mills  within  the  scope  of  this  project 
Capital  costs  range  from  zero,  for  the  Kimberly-Clark  mills  at  Huntsville  and  St  Catharines,  to 
approximately  $140  million  for  CPFP  at  Thunder  Bay.  Direct  annual  operating  costs  would  range 
up  to  almost  $5  million,  while  one  mill  could  save  up  to  $8  million. 


In  ail  cases  these  costs  are  in  addition  to  environmental  protection  costs 
incurred  by  the  miiis  prior  to  April  1991. 

The  individual  cost  estimates  are  presented  in  tabular  and  graphical  form  at  the  end  of  this  chapter. 
In  a  few  cases,  the  costs  are  shown  as  zero  because  the  mill  effluent  discharges  are  already  below 
the  levels  considered  to  be  attainable  by  the  technology  train  concerned  In  such  cases,  the  mills 
have  incurred  prior  experKlitures  which  are  not  considered  in  this  report. 

The  cost  calculations  discussed  below  are  all  based  on  the  assumption  that  the  selling  price  of 
the  product  will  not  be  affected  by  the  changes  to  the  mill  process  undertaken  to  improve  the 
effluent  quality.  In  the  case  of  the  non-i<raft  mills,  the  authors  are  confident  that  this  is  valid,  since 
the  alternative  technology  trains  for  Improving  effluent  quality  are  based  primarily  on  external 
treatment.  However,  in  the  case  of  kraft  mills,  the  situation  is  more  complicated,  since  some  of  the 
technology  trains  Involve  substantial  modifications  to  almost  all  parts  of  the  pulp  production  and 
bleaching  systems.  All  the  technology  selected  for  the  alternative  trains  will  allow  production  of 
pulps  with  substantially  the  same  product  quality  as  the  current  mills,  but  subtle  differences  will 
exist.  It  is  impossible  to  predict  the  effects  of  these  on  the  selling  prices  of  the  pulp.  Off- 
specification  pulp  is  commonly  discounted  by  up  to  about  $50/tonne,  which  could  perhaps 
indicate  the  possible  downside  price  fluctuation  if  some  aspect  of  quality  is  unsatisfactory. 

Conversely,  there  Is  no  doubt  the  high  chlorine  dioxide  substitution  ratios  and  extended  cooking 
technology  involved  in  the  technology  trains  will  improve  pulp  cleanliness  and  other  qualities.  This 
may  assist  the  mills  which  undertake  the  process  modifications  to  sell  otherwise  unmarketable  pulp 
in  the  current  soft  market,  or  to  raise  prices,  but  there  is  no  rational  way  of  predicting  the  extent  of 
this,  or  whether  it  will  actually  take  place.  The  pressures  by  environmental  organizations  against 
chlorine  bieached  products  may  facilitate  marketing  pulp  from  mills  which  install  the  more 
advanced  technology  trains  described  in  Chapter  7.  but  any  predictions  of  the  extent  of  this  would 
be  purely  speculative.  Some  analysts  have  stated  that  customers  cannot  obtain  sufficient 
"chlorine-free"  pulp,  without  specifying  whether  they  mean  molecular  chlorine  free  or  chlorine 
compound  free.  On  the  other  hand,  as  discussed  on  page  230  the  only  mill  manufacturing 
chlorine-compound-free  market  kraft  pulp  is  unable  to  sell  more  that  20%  of  its  production 
capacity.  Comparisons  of  the  costs  of  the  various  alternative  effluent  control  measures  for  kraft 
pulp  mills  must  be  considered  in  the  perspective  of  the  1990  selling  price  having  dropped  from 
over  $900 /tonne  to  under  $700/tonne  from  late  1989  until  eariy  1991  (Mohr  1991). 
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8.1  Capital  Costs 

The  capital  costs  for  the  various  alternative  technology  trains  that  could  be  installed  in  each  mill 
were  calculated,  considering  all  site-specific  information  available  to  the  authors. 

6.1.1  Basis  for  estimates 

Capital  costs  were  calculated  for  a  range  of  capacities  for  each  unit  operation  in  star>dard  effluent 
treatment  systems,  t>ased  on  either  the  aerated  stabilization  basin,  or  on  the  activated  sludge 
process  described  in  Chapter  5,  according  to  the  site  conditions  and  mill  processes  Where  It 
appeared  likely  that  the  installation  of  a  submerged  outfall  would  be  required,  allowances 
were  included  for  its  construction  and  maintenance.  Equations  were  developed  for  each  unit 
operation  that  allowed  the  capital  cost  to  be  calculated  from  capacities  selected  by  the  authors,  on 
the  basis  of  effluent  loads  and  site  conditions. 

Similar  equations  were  developed  for  the  process  modifications  for  prevention  of  discharges  at 
source,  to  the  extent  feasible.  These  were  based  primariiy  on  the  l<nown  costs  of  comparat)ie 
projects,  and  capacity  adjusted  by  the  "six-tenths"  rule,  where  the  cost  of  similar  facilities  of 
differing  capacities  is  assumed  to  vary  with  the  six-tenths  power  of  capacity.  In  some  cases 
special  allowances  were  made  for  known  local  difficulties. 

Individual  estimates  were  calculated  for  each  mill,  for  each  of  the  technology  trains.  In  accordance 
with  the  criteria  mentioned  t>elow.  In  all  cases,  one  or  more  of  the  authors  has  first-hand 
knowledge  of  the  mill  site,  and  has  visited  it  within  the  past  three  years,  In  some  cases,  drawings 
were  obtained  and/or  telephone  interviews  were  undertaken  with  Ministry  of  the  Environment 
and/or  company  engineers  who  are  familiar  with  the  site,  to  clarify  local  conditions. 

Equipment  selection  was  generally  based  on  the  data  presented  in  Appendices  A  and  B  of  this 
report,  the  first  six  months  of  the  1990  MISA  Monitoring  Program,  and  on-site  specific  constraints. 
In  accordance  with  normal  engineering  practice.  However,  where  the  authors  fiave  knowledge  of 
major  changes  since  that  time,  these  were  incorporated.  In  all  cases,  the  costs  are  based  on  mills 
as  they  existed  in  April,  1991.  If  a  mill  had  already  implemented  the  technology  concerned,  or 
achieved  equivalent  effluent  quality,  because  of  its  Inherent  process  and/or  because  of  prior 
expenditure,  It  Is  shown  as  having  zero  cost. 

The  necessary  process  equipment  for  discharge  prevention  at  source,  main  effluent  pipelines, 
pump  stations,  roads,  aeration  equipment  (including  power  supply),  secondary  clarifiers,  sludge 
thickeners,  and  reaction  vessels  were  sized  using  conventional  engineering  practice,  and  costs 
were  calculated  for  each.  The  estimated  costs  of  all  major  elements  include  allowances  for  the 
related  auxiliary  equipment,  such  as  controls,  lighting,  etc. 

Various  special  allowances  were  allocated  for  manufacturing  process  modifications  to  reduce  or 
eliminate  discharges  at  source,  where  some  changes  were  necessary  to  comply  with  the  effluent 
quality  target  concerned,  or  were  clearly  desirable  to  reduce  overall  costs.  It  is  likely  that  the 
optimum  cost  for  many  mills  could  be  reduced  slightly  after  a  detailed  engineering  study  to 
optimize  the  trade-offs  between  discharge  prevention  at  source  and  external  treatment,  particulariy 
where  the  effluent  treatment  project  could  be  integrated  with  a  mill  modernization  program. 
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Costs  for  each  element  were  calculated  for  an  average  Ontario,  rural  location  on  the  basis  of  the 
capacity  of  each  element.  Some  special  site  allowances  were  added  for  piles,  restricted  locations, 
known  high  construction  labour  costs,  etc.  Engineering,  owner's  overheads,  and  contingency  are 
included  in  all  estimates  for  each  individual  item. 

There  are  no  allowances  for  the  costs  of  acquisition  of  land.  In  most  cases  these  costs  will  be 
minor,  since  the  only  type  of  installation  used  that  would  require  significant  areas  would  be  ASB 
effluent  treatment.  This  process  has  been  assumed  only  where  land  is  readily  available  and  is 
remote  from  urban  areas.  Where  the  mill  site  is  particularly  restricted,  allowances  are  included  for 
pipelines  and  pumping  systems  to  suitable  sites  for  external  effluent  treatment. 

This  approach  of  calculating  estimates  for  each  mill  was  selected  as  the  best  way  of 
estimating  the  total  costs  for  each  alternative  technology  train  for  each  site.  Such  estimates 
can  never  be  as  reliable  as  ttiose  based  on  detailed  engineering  analysis,  flowsheets,  site 
layouts,  soils  studies  and  contractors'  bid  prices.  Several  capital  cost  estimates  calculated  on 
the  basis  of  a  very  similar  cost  model  {McCubbin  1990,  Sprague  1991)  were  checked  against 
independent  estimates  based  on  detailed  studies  urKtertaken  by  mill  engineers  or  their  consultants, 
and  were  found  to  be  within  20%  of  the  latter  costs.  It  is  the  belief  of  the  authors  that  the  detailed 
site-by-site  analysis  is  superior  to  the  more  widely  used  approach  of  relying  on  costs  calculated  on 
the  basis  of  loads  for  generic  effluent  treatment  processes.  This  latter  approach  was  used 
successfully  in  the  USEPA's  well  known  development  documents  for  effluent  gukJetines  in  the 
1970s  and  1980s.  However,  they  were  generally  dealing  with  mills  at  a  fairly  uniform  level  of 
installation  of  environmental  protection  measures,  and  at  a  time  when  technology  for  effluent 
control  at  source  was  much  simpler  than  is  available  for  Ontario  mills  today. 

In  cases  where  effluent  treatment  costs  are  extremely  high,  it  is  quite  likely  that  mill  owners  would 
prefer  to  modernize  the  mill  to  use  a  production  process  that  discharges  substantially  lower 
quantities  of  pollutants.  Such  alternatives  were  not  considered  to  be  within  the  scope  of  this 
project. 


8.2  Operating  Costs 

Operating  costs  were  calculated  for  each  of  the  capital  installations  described  in  the  foregoing 
pages. 

8.2.1  Basis  for  estimates 

Costs  of  chemicals  {chlorine  dioxide,  oxygen,  lime,  nutrients,  polymer,  etc.)  maintenance,  and 
power  required  were  calculated  for  each  mill,  using  the  unit  costs  listed  in  Table  35. 

Labour  costs  were  taken  from  Statistics  Canada  (1990)  data  on  actual  average  earnings  in  the 
Industry,  plus  an  allowance  of  25%  for  fringe  benefits.  Laboratory  technician  time  was  calculated 
as  double  those  rates  to  allow  for  equipment,  consumed  supplies,  etc.  Appropriate  professional 
supervision  and  technical  support  were  included  at  an  assumed  total  cost  to  the  mill  owner  of 
$50/hour.  This  assumes  that  a  normal  amount  of  external  expertise  would  be  retained  each  year 
for  audits,  assistance  in  resolving  special  problems  etc.     The  amount  of  time  allowed  for 
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professionals  and  technicians  was  varied  somewhat  according  to  the  level  of  performance  required 
and  the  complexity  of  the  installation. 

It  was  assumed  that  dewatered  sludge  can  be  disposed  of  at  a  fixed  cost  (Refer  to  Table  35).  This 
maybe  higher  than  the  real  cost  where  a  mill  can  simply  add  the  sludge  to  an  existing  hog  fuel 
stream,  but  is  considered  a  reasonalsle  average  for  all  cases. 

The  authors  believe  that  the  accuracy  of  the  estimates  of  annual  operating  costs  is  probably 
better  than  +/-20%. 

Table  35  Base  unit  costs  for  operating  cost  estimates 

Item  Units  Cost 

Ammonia 

Anthraquinone 
Caustic  (ECU) 
Caustic  (non-ECU) 
Chlorine  dioxide 
DTPA 

Fertilizer  for  nutrient 
Hydrogen  peroxide 
Hypo  (available  Cl^) 
Lime  for  neutralization 
Molecular  chlorine 
On-site  oxygen 
Oxygen  by  trucl< 
Phosphoric  acid 
Polymer  for  biosludge 
Sulphuric  Acid 

Steam 
Power 
Softwood 
Hardwood 

Cost  to  company  for  each  of  the  following  services  (Inc  overhead,  training,  travel  etc) 
operators  $/  hour  $24.30 

Technicians  $/hour  $53.00 

Process  engineer  $/hour  $80 

Sludge  disposal  $/dry  tonne        $100 

Days/yr  at  nominal  production 355 

In  certain  cases,  where  mill  staff  provided  different  local  costs,  these  were  used  in  calculations 
instead  of  the  above  data.  The  personnel  costs  include  the  cost  of  the  appropriate  indirect 
overheads  such  as  laboratory  equipment,  travel  to  conferences  and  other  expenses  to  maintain  a 
high  level  of  competence  with  normal  staff  turnover. 


$/kg  NH3 

$0.40 

$/i<g 

$11.00 

$/kg 

$0.27 

$/kg 

$0.35 

$/kg 

$1.02 

$/kg 

$1.40 

$/kg 

$0.37 

$/kg 

$1.32 

$/kg 

$0.32 

$/kg  CaO 

$0.09 

$/kg 

$0.15 

$/kg 

$0.09 

$/kg 

$0.16 

$/kg  H3PO, 

$1.03 

$/kg 

$10.50 

$/kg 

$0.13 

$/t 

$9.00 

$/kWh 

$0.04 

$/0Dt 

$140.00 

$/ODt 

$105.00 
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8.3  Costs  for  Kraft  Sub-sector 

The  capital  and  operating  costs  for  the  mills  In  the  kraft  sub-sector  are  shown  in  Table  36  on  the 
following  pages,  along  with  a  brief  summary  of  the  predicted  effluent  characteristics. 

The  data  shown  were  calculated  for  individual  mills,  and  in  some  cases  the  effluent  characteristics 
differ  from  the  sector-wide  data  discussed  elsewhere  in  this  report.  This  is  particularly  true  for 
AOX.  since  some  mills  wilt  attain  lower  discharges  that  the  sector  as  a  whole  for  any  particular 
technology,  due  to  local  advantages  such  as  favourable  wood. 

The  table  also  includes  the  principal  elements  of  the  data  on  effluent  from  each  mill  which  were 
used  for  calculating  the  expected  costs.  This  frequently  differs  from  the  data  from  the  1990  MISA 
monitoring  program  discussed  In  this  report,  because  most  of  the  kraft  mills  have  modified  the  mill 
processes  to  reduce  AOX,  dioxins  or  other  discharges  after  the  1990  program  was  substantially 
complete.  In  addition,  CPFP  shut  down  the  sulphite  mill,  replaced  a  substantial  quantity  of 
groundwood  pulp  with  TMP  and  commenced  construction  of  an  oxygen  activated  sludge 
treatment  system  at  their  Thunder  Bay  mill. 

The  costs  vary  widely,  and  there  is  no  simple  relationship  between  either  capital  or  0F)erating  costs 
and  existing  effluent  loadings.  Within  any  one  mill,  the  relationship  between  costs  and  final  effluent 
discharge  characteristics  is  usually  extremely  non-linear.  In  all  but  exceptional  circumstances, 
additional  expenditure  can  achieve  less  contaminated  effluent.  In  some  cases,  operating  costs  can 
be  reduced  by  increased  investment,  but  in  others  the  more  sophisticated,  high -capital -cost  plants 
require  higher  operating  expenditures  than  simpler  installations. 

Where  operating  costs  are  shown  to  be  negative,  it  is  usually  because  the  installations  involved 
would  reduce  chemical  and  energy  costs  sufficiently  to  offset  other  direct  operating  and 
maintenance  costs. 
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Table  36  Predicted  effluent  characteristics  and  costs  for  the  krafl  sub-sector 


Bolsa 
Fort  Frances 


Base  case  effluent  data  (1991,  mfertonate) 


CPFP 
Dryden 


CPFP 
Thunder  Bay 


Domtar 
CornwaM 


Domtar 
Red  Rock 


Production  rate 

Bleached  product 

Effluent  flow 

TSS 

BOO 

AOX 

AOX 

Phospfiorus 

TKN 


t/day 

t/day 

m^/day 

(<g/day 

kg/day 

kg /day 

kg/t 

kg/day 

kg/day 


970 

573 

77.276 

10,793 

9,000 

1.000 

1.7 

136 

742 


965 
735 

91,707 

5.524 

3,132 

2,293 

3.1 

181 

175 


2,290 

1.279 

173,931 

16.000 

20.793 

2.683 

2.1 

117 

253 


726 

412 

126.049 

10,415 

22,053 

401 

1. 

43 

355 


819 

57 

95,187 

6,260 

15,716 

169 

3, 

21 

178 


Train  K1 

Capital  cost 

O  &  M  costs 

TSS 

BOD 

AOX 

AOX 

Phospfiorus 

TKN 


Eliminate  detectable  dioxins 
$13,127,000 


kg /day 

kg /day 

kg/day 

kg/t 

kg/day 

kg/day 


$2,147,000 

2,633 

1.170 

894 

1.56 

47 

527 


$12,345,000 

$1,560,000 

2,171 

965 

1,392 

1.89 

39 

434 


$38,845,000 

$3,904,000 

2,290 

1.145 

2,388 

1.87 

40 

500 


$82,764,000 
($3,243,000) 
726 
363 
236 
0.57 
9 


$43,287,000 

$168,000 

1,843 

819 

91 

1.59 

33 

369 


Train  K2 

Capital  cost 

O  &  M  costs 

TSS 

BOD 

AOX 

AOX 

Phosphorus 

TKN 


EliminatB  molecular  chlorine 
$26,425,000 


$/yr 

kg/day 

kg/day 

kg/day 

kg/t 

kg /day 

kg/day 


$2,932,000 
2,183 
970 
279 
0.49 
39 
437 


$18,964,000 

$3,047,000 

2,171 

965 

479 

0.65 

39 

434 


$38,845,000 

$5,845,000 

2,290 

1,145 

954 

0.75 

40 

500 


$84,462,000 
($2,833,000) 
72S 
363 
190 
0.46 
29 
363 


$48,454,000 

$530,000 

1,843 

819 

20 

0.35 

33 

369 


AOX  data  refers  to  the  production  rate  of  bleached  pulp. 

Effluent  data  for  "1991"  refers  to  calculated  characteristics  after  projects  which  were  physically  committed  before  April 

All  effluent  data  shown  above  are  long  term  averages. 

Costs  shown  in  parentheses  are  negative. 


Eddy 
Espanola 


James  Rtv«r 
Marathon 


K-C 
Terrace  Bay 


Mal«tt« 
Smth.  Rock 


943 

943 

98.577 

2.745 

1,689 

841 

0.9 

55 

325 


425 
425 

61,886 

2,578 

12,564 

850 

2. 

40 

191 


1,110 

1,110 

95.122 

4,279 

1,408 

1,931 

1.7 

40 

441 


297 

297 

50,664 

1,512 

8,310 

596 

2. 

19 

103 


$15,821,000      $23,456,000 


$396,000 
2,122 
943 
841 
0.89 
38 
424 


$1,336,000 
956 
425 
80S 
1.89 
17 
191 


$11,938,000 

$2,042,000 

2,498 

1,110 

1,521 

1.37 

44 

500 


$24,889,000 
$1,863,000 
666 
296 
438 
1.47 
12 
133 


$35,522,000 

$2,007,000 

2,122 

943 

350 

0.37 

38 

424 


$31,166,000 
$2,661,000 
956 
425 
294 
0.69 
17 
191 


$17,281,000 

$3,314,000 

2,498 

1,110 

627 

0.56 

44 

500 


$24,889,000 

$2,199,000 

666 

296 

168 

0.56 

12 

133 


1991  are  completed. 


(Table  continued  on  next  page) 
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Table  36  Pret 

dieted  effluent  characteristics  and  costs 

BolM                     CPFP 

for  the  kraft  s 

ub-sector  (ct 

jntinued) 

CPFP 

Domtar 

Domtar 

Eddy 

Jan>es  Rtver 

K-C 

Malett* 

Eliminate 

Fort  Frances 

■nolecular  chlorine  (i 

Dryden 

Thunder  Bay 

Cornwall 

Red  Rock 

Espanola 

Marathon 

Terrace  Bay 

Smth.  Rock 

Train  K3 

ncluding  oxygen  delignification) 

Capital  cost 

$37,449,000 

$33,789,000 

$63,936,000 

$93,102,000 

$45,414,000 

$35,522,000 

$41,076,000 

$45,317,000 

$31,665,000 

O  &  M  costs 

$/yr 

$1,828,000 

$1 ,878.000 

$2,355,000 

($3,471,000) 

$429,000 

$2,007,000 

$1,872,000 

$1,005,000 

$1,527,000 

TSS 

kg/day 

2,183 

2,171 

2,290 

726 

1,843 

2,122 

956 

2,498 

666 

BOD 

kg/day 

970 

96S 

1.145 

363 

819 

943 

425 

1,110 

296 

AOX 

kg /day 

183 

366 

767 

148 

0 

350 

234 

476 

123 

AOX 

kg/t 

0,32 

0.48 

0.6 

0.36 

0. 

0.37 

0.55 

0.43 

0.41 

Phosphorus 

kg/day 

39 

39 

32 

2S 

33 

38 

17 

44 

12 

TKN 

kg/day                             437                         434 
Eliminate  molecular  chlorine  (including  extena 

400 

363 

369 

424 

191 

500 

133 

Train  K4 

ed  cooking) 

Capital  cost 

$73,098,000 

$74,744,000 

$125,362,000 

$116,629,000 

$119,876,000 

$65,255,000 

$97,451,000 

$52,219,000 

0  &  M  costs 

$/yr 

($1 .877,000) 

$559,000 

($602,000) 

($6,485,000)  (Train  4  is  not 

($1,947,000) 

($2,208,000) 

($4,833,000) 

$1,316,000 

TSS 

kg/day 

2,183 

2,171 

2,290 

726 

applicable) 

2,122 

956 

2,498 

666 

BOO 

kg /day 

970 

965 

1,145 

363 

943 

425 

1,110 

296 

AOX 

kg /day 

160 

315 

647 

100 

216 

148 

446 

109 

AOX 

kg/t 

0.28 

0.43 

0^1 

0.24 

0.23 

0.35 

0.4 

0.37 

Phosphorus 

kg /day 

30 

39 

28 

29 

38 

17 

44 

12 

TKN 

kg/day 

437 

434 

350 

363 

424 

191 

500 

133 

Train  K5 

Eliminate  molecular  chlorine  (including  oxygen  delignification  and  extended  cooking) 

Capital  cost 

$113,042,000 

$119,163,000 

$153,260,000 

$129,433,000 

$146,699,000 

$85,586,000 

$158,633,000 

$69,025,000 

0  &  M  costs 

$/yr 

$3,494,000 

$7,705,000 

$3,691,000 

($4,449,000)  (Train  5  is  not 

$6,896,000 

$1 ,234.000 

$1,113,000 

$4,129,000 

TSS 

kg/day 

970 

965 

2.290 

726 

applicable) 

943 

425 

1,110 

296 

BOO 

kg/day 

485 

483 

1.145 

363 

472 

213 

555 

148 

AOX 

kg/day 

130 

297 

568 

72 

216 

110 

313 

93 

AOX 

kg/t 

0-23 

0.4 

a44 

0.18 

0.23 

0.26 

0.28 

0.31 

Phosphorus 

kg/day 

39 

39 

28 

29 

38 

17 

44 

12 

TKN 

kg/day 

485 

483 

350 

363 

472 

213 

555 

148 

AOX  data  refers  to  the  production  rate  ot  bleached  pulp. 

Effluent  data  for  "1991"  refers  to  calculated  characteristics  after  projects  which  were  physically  committed  before  April  1991  are  completed. 

All  effluent  data  shown  above  are  long  term  averages. 

Costs  shown  in  parentheses  are  negative. 
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The  unit  costs  of  reducing  the  discharge  of  AOX,  BOD,  and  TSS  are  shown  in  Figure  50  for  the 
kraft  miils. 
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Figure  50  Unit  cost  of  AOX,  BOD  and  TSS  removal  in  the  Itraft  sub-sector 


8.4  Costs  for  Sulphite/mechanical  Sub-sector 

The  capital  and  operating  costs  for  the  mills  In  the  sulphite/mechanical  sub-sector  are  shown  In 
Table  37  on  the  following  pages,  along  with  a  brief  summary  of  the  predicted  effluent 
characteristics. 
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Table  37  Predicted  effluent  characteristics  and  costs  for  the  sulphite/mechanical  sub-sector 

A-P 

A-P 

A-P 

A-P 

Boise 

Q&O 

SL  Marys 

Spruce  Falls 

Thunder  Bay 

Fort  William 

Prov.Paper      Iroquois  Fails 

Kenora 

ThoroM 

SauH  Ste.  M. 

KapuskAsIng 

Production  and  effluents  from  MISA  1990  sampling  program 

Production  rate 

tonnes /day 

472 

371 

424 

801 

929 

840 

506 

978 

Effluent  flow 

m^day 

44,728 

25,658 

47.206 

62,414 

47.786 

60,740 

33,337 

75,806 

TSS 

kg/day 

1,904 

1,190 

1.594 

7.625 

3,431 

2,932 

6,012 

7,900 

BOO 

kg/day 

27.344 

14,023 

4,221 

55,817 

34,889 

1,134 

5,701 

31.681 

Phosphorus 

kg/day 

9 

11 

4 

33 

14 

25 

25 

25 

Total  t^eldahl  Nitrogen 

kg /day 

77.3 

75.1 

55.1 

194. 

109,2 

181.6 

36.9 

12.06 

Train  S1 

Activated  sludge  treatment 

Capital  cost 

$31,075,000 

$20,591,000 

$17,144,000 

$42,646,000 

$32,589,000 

$3,830,000 

$15,550,000 

$34,948,000 

0  &  M  costs 

$/year 

$3,934,000 

$2,639,000 

$1,761,000 

$6,170,000 

$4,614,000 

$96,000 

$1,957,000 

$4,483,000 

TSS 

kg /day 

472 

371 

424 

801 

929 

840 

506 

978 

BOD 

kg /day 

236 

166 

212 

401 

465 

420 

253 

469 

Phosphorus 

kg/day 

19 

15 

17 

32 

37 

25 

20 

39 

Total  Kjsldahl  Nitrogen 

kg/day 

236 

186 

212 

401 

465 

181.6 

253 

489 

Train  S2 

Activated  sludge  treatment  plus 

granular  filter 

Capital  cost 

$36,637,000 

$25,240,000 

$22,279,000 

$50,912,000 

$41,831,000 

$12,397,000 

$21,408,000 

$44,555,000 

O&Mcosts 

$/year 

$4,067,000 

$2,795,000 

$1,838,000 

$6,497,000 

$5,118,000 

$462,000 

$2,185,000 

$4,896,000 

TSS 

kg/day 

236 

186 

212 

401 

465 

420 

253 

489 

BOD 

kg/day 

165 

130 

148 

280 

325 

294 

177 

342 

Phosphorus 

kg/day 

9.4 

7.4 

8,5 

16.0 

18.6 

16.8 

10.1 

19.6 

Train  S3 

Activated  sludge  tre^ment  plus  chemically  assisted  coagulation 

Capital  cost 

$34,999,000 

$23,890,000 

$20,776,000 

$48,412,000 

$39,016,000 

$9,800,000 

$19,677,000 

$41,622,000 

0  &  M  costs 

$/year 

$4,574,000 

$3,194,000 

$2,294,000 

$7,358,000 

$6,117,000 

$1,365,000 

$2,729,000 

$5,947,000 

TSS 

kg /day 

236 

186 

212 

401 

465 

420 

253 

489 

BOD 

kg /day 

166 

130 

148 

280 

325 

294 

177 

342 

Phosphorus 

kg /day 

9.4 

7.4 

8.5 

16.0 

18.6 

16.8 

10.1 

19.6 

All  effluent  data  shown  above  are  long  term  averages. 

For  Quebec  and  Ontario  Paper  Company,  train  1  consists  of  the  existing  UNOX  system  with  reduced  flow.  The  predicted  effluent  quality  must  be  considered  as  indicative  only 

TKN  discharges  are  omitted  for  trains  2  and  3  due  to  lack  of  available  data  on  performance.  The  values  obtained  will  be  somewhat  lower  than  for  train  1 . 
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The  unit  costs  for  removal  of  BOD  and  TSS  are  shown  in  Figure  51 .  The  unit  costs  for  reduction  of 
BOD  in  the  discharges  from  the  Quebec  and  Ontario  Paper  mill  at  Thorold  are  high,  because  it  is 
the  only  mill  in  this  sub-sector  with  a  secondary  treatment  system,  and  the  additional  costs  of 
upgrading  it  to  BAT  level  are  high  relative  to  the  reduction  in  BOD  involved.  Unit  costs  for  the 
Abitibi-Price,  Provincial  Paper  Division  mill  are  high,  since  the  mill  presently  discharges  relatively 
little  BOD. 

Several  mills  would  experience  high  unit  costs  for  TSS  removal,  because  they  presently  discharge 
relatively  little,  so  that  installation  of  a  secondary  treatment  system  would  cause  only  a  modest 
improvement. 

The  unit  costs  for  BOD  and  TSS  removal  for  the  two  mills  in  the  corrugating  sub-sector  are  also 
shown  in  Figure  51  since  the  technologies  used  are  similar. 
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Figure  51  Unit  cost  of  BOD  and  TSS  removal  in  sulphite/mechanical  and  corrugating  sub- 
sectors 
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8.5  Costs  for  Corrugating  Sub-sector 

The  capital  and  operating  costs  for  application  of  the  three  alternative  technotogy  trains  to  the  two 
mills  in  the  corrugating  sub-sector  are  estimated  to  be  as  follows: 

Table  38  Predicted  effluent  characteristics  and  costs  for  the  corrugating  sub- 
sector 


Domtar 

MacMillan 

Trenton 

Sturgeon  Falls 

Base  Case  Effluent  Data  (mfertonote) 

Production  rate 

t/day 

327 

274 

EHIuent  flow 

cu,  m/day 

4,015 

13.698 

TSS 

kg/day 

574 

2,633 

BOD 

kg/day 

5,258 

19.655 

Phosphorus 

kg/day 

3 

28 

Total  Kjeldahl  Nitrogen 

kg/day 

24 

328 

Train  CI 

AcHvaied  sludge  system 

Capital  cost 

$10,475,000 

$16,850,000 

0  &  M  costs 

$/year 

$2,056,000 

$2,614,000 

TSS 

kg/day 

88 

274 

BOD 

kg/day 

44 

137 

Phosphorus 

kg/day 

4 

11 

Total  Kjeldahl  Nitrogen 

kg /day 

44 

137 

Train  C2 

Activated  sludge  system  plus  granular  filter 

Capital  cost 

$12,091,000 

$20,565,000 

0  &  M  costs 

$/year 

$2,104,000 

$2,765,000 

TSS 

kg /day 

44 

137 

BOD 

kg/day 

31 

96 

Phosphorus 

kg /day 

1.8 

5.5 

Train  C3 

Activated  sludge  system  plus 

chemically  assisted  coagulation 

Capital  cost 

$11,665,000 

$19,505,000 

0  &  M  costs 

$/year 

$2,198,000 

$3,059,000 

TSS 

kg/day 

44 

137 

BOD 

kg/day 

31 

96 

Phosphorus 

kg/day 

1.8 

5.5 

Base  case  effluent  data  were  estimated  by  the  authors  to  reflect  all  projects  to  improve  effluent  which  were 
physically  committed  before  April  I99i, 
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Table  39  Predicted  effluent  characteristics  and  costs  for  the  deinking/ board /fine  papers/tissue 

suty-sector 

Beaver 

Domtar 

Eddy 

Noranda 

K-C 

K-C 

Trent  Valtey 

Strathcona 

Thofold 

St  Cathartnes 

Ottawa 

Thorold 

St  CaiharirMa 

HuntsvlMe 

Trenton 

Napanee 

Production  and  effluents  from  MISA  1990  sampling  program 

Production  rate 

tonnes/day 

22S 

161 

166 

270 

108 

100 

305 

178 

Effluent  flow 

m^/day 

15,121 

10,473 

7,599 

20,775 

7,736 

878 

3,659 

3,869 

TSS 

kg/day 

759 

423 

560 

1,000 

SO 

5 

514 

243 

BOD 

kg/day 

1,753 

1.193 

1,176 

3,236 

324 

3 

1.517 

608 

Phosphorus 

kg/day 

0.9 

0.2 

0.3 

2.0 

IjO 

03 

1 

1.6 

Total  Kjeldahl  Nitrogen 

kg /day 

33.2 

19.5 

30.9 

31 

19.5 

5.8 

13.7 

39.3 

Train  F1 

(Refer  to  note) 

ABB 

AST 

AST 

AST 

None 

ASB  (exists) 

ASB 

ASB  (exists) 

Capital  cost 

$3,395,000 

$6,489,000 

$6,775,000 

$10,652,000 

$0 

10 

$3,099,000 

$500,000 

0  &  M  costs 

$/year 

$335,000 

$978,000 

$979,000 

$1,296,000 

$0 

SO 

$330,000 

$53,000 

TSS 

kg /day 

506 

161 

176 

270 

58 

5 

192 

203 

BOD 

kg/day 

225 

81 

fiS 

135 

169 

3 

85 

90 

Phosphorus 

kg/day 

9 

6.4 

7.1 

10.8 

1.0 

0^ 

3.4 

1.6 

Total  Kjeldahl  Nitrogen 

kg/day 

101 

81 

88 

135 

19.S 

£8 

38 

41 

Train  f2 

Activated  sludge  treaVtmnt 

Capital  cost 

$7,387,000 

$6,489,000 

$6,775,000 

$10,652,000 

$0 

90 

$6,591,000 

$4,703,000 

0  &  M  costs 

$/year 

$1,036,000 

$978,000 

$979,000 

$1,296,000 

«0 

10 

$1,007,000 

$970,000 

TSS 

kg /day 

225 

161 

176 

270 

50 

S 

S5 

47 

BOD 

kg /day 

113 

81 

88 

13S 

169 

3 

43 

23 

Phosphorus 

kg /day 

9 

6.4 

7.1 

10^ 

1.0 

03 

34 

1.9 

Total  Kjeldahl  Nitrogen 

kg /day 

113 

81 

88 

135 

19.5 

5:8 

^ 

23 

All  effluent  data  shown  above  are  long  term  averages. 

Train  1  uses  the  aerated  stabilisation  basins  where  space  is  available  on  the  mill  site.  OthenMise  activated  sludge  treatment  is  used. 

For  trains  2,  3  and  4.  the  process  is  uniform  for  all  mills,  unless  no  installation  at  all  is  required,  so  the  process  is  not  specified  in  each  column. 

K-C,  St.  Catharines  mill  effluent  BOD  was  reduced  as  indicated  after  the  1990  MISA  monitoring  program  by  measures  initiated  by  the  company 

(Tab/e  continued  on  next  page) 
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Table  39  Predicted  effluent  characteristics  and  costs  for  the  dein king/ board/fine  papers/tissue  aub-sector  (continued) 

Beaver  Domtar  Eddy  Noranda  K-C  K-C  Trent  Valley 

Thorold  St  Catharines  Ottawa  Thorotd  St  Catharines       Huntsvtile  Trenton 


Strathcona 
Napanee 


Train  F3 


Activated  sludge  treatment  plus  granular  fitter 


Capital  cost 

$10,599,000 

$9,002,000 

$9,462,000 

$14,327,000 

$0 

$0 

$8,176,000 

$5,735,000 

O&Mcost 

$/year 

$1,160,000 

$1,067,000 

$1,076,000 

$1,445,000 

SO 

$0 

$1,054,000 

$996,000 

TSS 

kg/day 

113 

81 

88 

13S 

59 

5 

43 

23 

BOO 

kg/day 

79 

56 

62 

94 

169 

3 

30 

16 

Phosphorus 

kg/day 

4.5 

3.2 

3.5 

5.4 

1.0 

0.3 

1.7 

0.9 

Train  F4 

Activated 

sludge  treatment  plus  chemically  assisted  coagulation 

Capital  cost 

$9,694,000 

$8,310,000 

$8,717,000 

$13,279,000 

$0 

$0 

$7,760,000 

$5,477,000 

0  &  M  costs 

$/year 

$1,402,000 

$1,240,000 

$1,266,000 

$1,735,000 

$0 

$0 

$1,146,000 

$1,046,000 

TSS 

kg /day 

113 

81 

B8 

135 

58 

5 

43 

23 

BOD 

kg /day 

79 

S6 

62 

94 

169 

3 

30 

16 

Phosphorus 

kg /day 

4.5 

3^ 

3.5 

5.4 

1.0 

0.3 

1.7 

0.9 

All  effluent  data  shown  above  are  long  term  averages 

TKN  discharges  are  omitted  for  trains  3  and  4  due  to  lack  of  available  data  on  performance.  TTie  values  obtained  will  be  somewhat  lower  than  for  train  2. 
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8.6  Costs  for  Deinking/Board/Fine  Papers/Tissue  Sub-sector 

The  capital  and  operating  costs  for  the  mills  In  the  deinking/board/fine  papers/tissue  sub-sector 
are  shown  In  Table  39  on  the  following  pages,  along  with  a  brief  summary  of  the  predicted  effluent 
characteristics. 

The  unit  costs  for  removal  of  BOD  and  TSS  are  shown  in  Figure  52.  It  Is  apparent  that  the  variation 
t)etween  mills  is  less  than  In  the  other  sub-sectors,  but  that  the  unit  costs  are  substantially  higher 
when  comparing  mills  in  this  sub-sector  which  do  not  have  secorxJary  treatment  to  similar  mills  in 
the  sulphite/mechanical  sector.  This  is  primarily  due  to  the  small  scale  of  the  treatment  plants  that 
would  be  required.  In  some  cases,  it  would  be  more  economical  for  the  mills  to  connect  to 
municipal  sewage  treatment  systems. 
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Figure  52  Unit  cost  of  BOD  and  TSS  removal  in  deinlcing/board/fine  papers/tissue  sub- 
sector 
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Appen  d  ix  A 


Mill   Descriptions 

This  appendix  contains  summary  descriptions  of  the  27  mills  addressed  by  this  report. 

The  mills  are  listed  by  sjt)-sector,  in  the  same  order  as  they  appear  in  the  MISA  effluent  monitoring 
report: 

Company 

Kraft  category 

Boise  Cascade  Canada  Ltd. 

Canadian  Pacific  Forest  Products  Ltd. 

Canadian  Pacific  Forest  Products  Ltd. 

Domtar  Inc.,  Fine  Papers  Div. 

Domtar  Inc.,  Containerboard  Division 

E.B.  Eddy  Forest  Products  Ltd. 

James  River-Marathon  Ltd. 

Kimberly-Clark  Canada  Inc. 

Malene  Kraft  Pulp  and  Paper  Co. 

Sulphite-mechanical  category 

Abitibl-Price  Inc..  Thunder  Bay  Div. 

Abilibi-Price  Inc.,  Fort  William  Div. 

Abitibi-Price  Inc.,  Provincial  Papers  Div. 

Abitlbi-Price  Inc.,  Iroquois  Falls  Div. 

Boise  Cascade  Canada  Ltd. 

Quebec  and  Ontario  Paper  Company  Ltd. 

St.  Marys  Paper  Inc. 

Spruce  Falls  Power  and  Paper  Company  Ltd. 

Corrugating  category 

Domtar  Inc.,  Containerboard  Division 

MacMillan  Bloedel  Ltd. 

Deinking-board-fine  papers-tissue  category 

Beaver  Wood  Fibre  Company  Ltd. 

Domtar  Inc.,  Fine  Papers  Div. 

E.  B.  Eddy  Forest  Products  Ltd. 

Noranda  Forest  Inc.,  Recycled  Papers 

Kimberfy-Clark  Canada  inc. 

Kimberty-Clark  Canada  Inc. 

Trent  Valley,  Paperboard  Industries  Corporation 

Strathcona  Paper  Company 


Town 

Abbreviation 

Mi 

Fort  Frances 

Boise  (Ft.  F) 

06 

Dryden 

CPFP  (Dryden) 

08 

Thunder  Bay 

CPFP  (J.  Bay) 

09 

Cornwall 

Domtar  (Cnwall) 

10 

Red  Rock 

Domtar  (R.R.) 

11 

Espanola 

Eddy  (Espanola) 

14 

Marathon 

James  River 

16 

Terrace  Bay 

K-C  (Terr.  B) 

19 

Smooth  Rock  Falls 

Malette 

21 

Thunder  Bay 

A-P  0".  Bay) 

04 

Thunder  Bay 

A-P  (F.  W) 

02 

Thunder  Bay 

A-P  (Prov.  P) 

03 

Iroquois  Falls 

A-P  (I.Falls) 

01 

Kenora 

Boise  (Kenora) 

07 

Thorotd 

Q&O 

23 

Sault  Ste.  Marie 

St.  Marys 

24 

Kapuskasing 

Spruce  Falls 

25 

Trenton 

Domtar  (Tren) 

13 

Sturgeon  Falls 

MacMillan 

20 

Thorold 

Beaver  Wood 

05 

St,  Catharines 

Domtar  {St.  C) 

12 

Ottawa 

Eddy  (Ottawa) 

15 

Thorold 

Noranda 

22 

St.  Catharines 

K-C  (St.  C) 

18 

Huntsville 

K-C  (Hunts) 

17 

Trenton 

Trent  Valley 

27 

Napanee 

Strathcona 

26 

The  Abitibi-Price,  Thunder  Bay  Division  mill  was  idled  by  the  company  in  May  1991,  and  was 
expected  to  be  idle  for  at  least  two  years.  It's  future  remains  in  doubt  at  the  time  of  writing.  All 
calculations  in  this  report  are  based  on  the  assumption  that  it  will  reopen  with  the  same  equipment 
and  products  as  in  1990. 
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Announcements  by  Kimberly-Clark  in  June  1991  made  It  clear  that  the  future  of  the  Kapusl<asing 
mill  was  also  in  doubt.  All  calculations  in  this  report  are  based  on  the  assumption  that  it  will 
continue  in  operation,  at  a  similar  production  rate  to  the  1 990  operations. 

Calculations  and  roundoff 

The  data  presented  have  mostly  been  rounded  off  to  Improve  readability.  Some  of  the  data  shown 
in  the  following  pages  were  calculated  from  other  values  shown  on  the  same  sheets  and  are 
presented  for  the  reader's  convenience.  In  some  cases,  the  original  data  contained  more 
significant  figures  than  shown,  and  calculations  were  performed  to  the  precision  of  these  original 
values,  prior  to  rounding  off,  so  hand  calculations  based  on  the  data  herein  may  not  balance 
exactly.  This  is  particularly  so  for  very  low  values,  which  are  of  course  usually  of  little 
environmental  significance. 

Data  sources 

The  sources  of  data  in  the  following  pages  are: 

Data  concerning  milt  effluent  toxicity  prior  to  1990  were  taken  from  MoE  "Report  on  the  1987 
industrial  Direct  Discharges  in  Ontario",  the  1988  version  of  same,  and  from  the  Ministry's  IMIS 
database  for  the  1 989  data. 

Definitions  of  production  vary  slightly  from  mill  to  mill  and  product  to  product,  but  the  authors  do 
not  consider  that  these  differences  are  significant  in  the  context  of  this  report.  All  mills  were 
advised  of  our  assumptions  in  this  respect,  and  comments  received  are  reflected  in  the  data 
shown. 

It  was  assumed  that  mills  operate  355  days  per  year  for  purposes  of  calculations  to  relate  annual 
data  with  daily  data,  where  appropriate.  Actual  numbers  of  operating  days  vary,  but  analysis  of 
detailed  information  on  many  of  the  mills  indicated  that  most  were  within  2%  of  this  value.  Since 
the  accuracy  of  the  effluent  measurements  and  cost  estimates  which  most  of  the  calculations  are 
based  on  is  substantially  poorer  than  2%,  the  use  of  a  fixed  number  of  operating  days  per  year  is 
considered  to  be  a  reasonable  simplification. 

Mill  histories  were  extracted  from  the  MISA  Development  Document  (MISA  1989),  with 
modifications  based  on  the  visits  to  the  mills  concerned  and  comments  received  from  mill  staff. 

Pre  1990  data  on  effluent  characteristics  were  extracted  from  Sprague  (1991),  Bonsor  (1988). 

Effluent  flows,  final  product  rates  and  characteristics  were  from  MISA  (1991). 

Mill  descriptions,  capacities  of  Internal  operations  and  information  on  current  construction  were 
collected  by  questionnaires,  mill  visits  and  personal  contacts. 

Each  mill  was  provided  with  a  copy  of  the  relevant  datasheet(s)  and  invited  to  comment.  Replies 
were  received  from  16  mills,  and  all  comments  were  incorporated  in  the  sheets  which  make  up  the 
remairvjer  of  this  appendix. 
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Boise  Cascade  Canada  Ltd.,  Fort  Frances 


Mill  No:  06 


Product  Category:  Kraft 
FAX:  807-274-5992 

Nominal  Pulp  Capacity 


Number  of  employees:  1000 
Phone:  807-274-8816 


Unbleached  Kraft  0 

Bleached  Kraft  575 

Groundwood  570 

Refiner  Gwd  0 

TMP  0 

CTMP  0 

Ultra  Hi  Yield  Sulphite  0 

High  Yield  Sulphite  0 

Low  Yield  Sulphite  0 

Semi  Chemical  0 

De-inking  0 

Other  pulp  (inc  waste)  0 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-  Average 
-centile 
82.920 
15,047 
11,652 
2,613 


Nominal  Product  Capacity 

t/day  Market  Kraft  200  t/day 


Newsprint 

0 

Rne  Paper 

0 

Tissue 

0 

Packaging 

0 

Other 

775 

Production  1990 

90th  per-    Average 

•centile 
Bleached  587  573  t/day 

Total  1094  970 


Acute  Toxicity  Tests      (LC50  %) 


Row  cu  m/day 
TSS,  kg/day 
BOD.  kg/day 
AOX,  kg /day 
Row  cu  m/ton 


77,276 

10,793 

9.470 

2,045 

80 


Geometric  Mean 


1987 

1988 

1989 

1990 

1990 

TWXJT 

an 

TROUT 

TBCXJT 

TROL/T 

27 
55 
42 
77 
70 
77 
54 

DAPMNIA 

36 
100 
100 
100 

86 
100 

65 

Temperatures  Minimum     15c  Average 
Maximum    26C 


250 


Typical  K^pa    31, 


Chlorine  dioxide  substitution:     7% 


Notes 

Kraft  production  approx  70%  full  bleach,  30%  semi  bleach 

Mill  Processes 

Wood  supply:  Kraft  90%  jackpine,  10%  spruce.  Groundwood  55%  spruce,  45%  poplar 

Proportion  wood  dry  debarked:  50%  Proportion  wood  NOT  debarked  on  site:  % 

Proportion  wood  wet  debarked:  50% 

Digester  type  (chemical  pulp  only):     6  Batch 
Pulp  Washing  saitcake  loss,  tine  1,  kg/t  pulp:  7.5 
Pulp  Washing  saitcake  loss,  line  2.  kg/t  pulp: 
Pulp  Washing  saitcake  loss,  line  3,  kg/t  pulp: 

Bleach  sequence(s)      Cd  Eo  HD 

In-plant  effluent  control  measures 

Closed  screen  room. 

Existing  effluent  treatment 

Primary:       Ciahfier  for  wet  woodroom.  2  settling  basins  for  kraft  mill,  Clarifter  for  paper  milt 

Secondary:  Aerated  basin  (Approximately  3  day  retention,  1417kw  aeration) 

Recipient;    Rainy  River  OutfatI:    Submerged  diffuser 

History 

The  mill  was  established  in  1914  as  a  groundwood  mill.  In  1971  a  kraft  mill  was  added 

Committed  modifications  which  will  modify  effluents 

23  t/day  chlorine  dioxide  generator  start-up  mid  1991 

Condensate  stripping  system  startup  1991 

Considering  new  ($18M)  7  day  ASB  farther  from  town,  which  will  use  existing  system  as  polishing  stage, 
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Canadian  Pacific  Forest  Products  Ltd.,  Dryden 


Mill  No:  08 


Product  Category:  Kratt 
FAX:  807-223-9317 

Nominal  Pulp  Capacity 


Number  of  employees:  1030 
Phone:  807-223-2323 


Nominal  Product  Capacity 


Unbleached  Kraft 

0  t/day 

Market  Kraft 

400 

Bleached  Kraft 

830 

Newsprint 

0 

Groundwood 

0 

Fine  Paper 

600 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

0 

Packaging 

0 

CTMP 

0 

Other 

0 

Ultra  Hi  Yield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (inc  waste) 

0 

Production  1990 

90th  per-  Average 

-centile 
Bleached  915  735  t/day 

Total  1258  965 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-  Average 
-centile 

Flowcum/day  =100,000  91.707 

TSS,  kg/day       =      7,480  5,524 

BOD.  kg/day      =      4.214  3,132 

AOX.  kg/day       =      2,825  2,293 

Row  cu  m/ton    =  95 


Temperatures  Minimum      13C  Average 
Maximum    26C 


Acute  Toxicity  Tests      (LC50  %) 

1987       1988 
TROUT      TnOUT 


Geometric  Mean 


1989 

1990 

1990 

TROUT 

TROUT 

DAPHNIA 

100 

100 

64 

100 

55 

100 

78 

100 

100 

100 

78 

100 

80 

100 

Notes 

Single  line  mill  "Une  1"  here  is  Swd.  "2"  Hwd.  Dry  debarking 

Mill  Processes 

Wood  supply:  75%  black  spruce  and  jackpine,  rest  hardwoods 


Proportion  wood  dry  debarked:  97% 
Proportion  wood  wet  debarked:  3% 

Digester  type  (chemical  pulp  only):     1  continuous 
Pulp  Washing  saltcake  loss,  line  1,  kg/t  pulp:  7,3 
Pulp  Washing  saltcake  loss,  line  2,  kg/t  pulp:  5.7 
Pulp  Washing  saltcake  loss,  line  3,  kg/t  pulp: 

Bleach  sequence{s)       CdEoHDED 


1962 


Proportion  wood  NOT  debarked  on  site:  % 


Typical  Kappa31,  16 


Chlorine  dioxide  substitution:      8% 
Chlorine  dioxide  sub.  line  2:      1 1  % 


In-plant  effluent  control  measures 

Spill  recovery  in  evap,  digester,  recaust,  tall  oil,  recovery,  and  a  catch-all  spill  diversion  for  each  of  the  six  main  sewers. 
Existing  effluent  treatment 

Primary:       Clarifier 

Secondary:  7-day  aerated  basin  w/  jet  aeration 

Recipient:    WABlGOON  RIVER,  WINNIPEG  RIVER  Outfall:    Underwater 

History 

Originally  Dryden  Timber  and  Power  Company,  was  formed  in  1910.  Production  of  kraft  pulp  and  sheathing  began  in 
1913.  In  1979,  Great  Lakes  Forest  Products  Ltd.  purchased  the  mill  and  undertook  a  major  modernization  and 
expansion  program,  which  included  up-to-date  pollution  abatement  measures.  Name  changed  to  CPFP  in  late  1980's 
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Canadian  Pacific  Forest  Products  Ltd.,  Thunder  Bay 


Mill  No:  09 


Product  Category:  Kraft 
FAX:  807-475-4801 


Number  of  employees:  2033 
Phone:807-475-2110 


Nominal  Pulp  Capacity 

Nominal  Product  Capacity 

Production  1990 

Unbleached  Kraft 

0 

t/day 

Market  Kraft         1323  t/day 

90th  per-    Average 

Bleached  Kraft 

1450 

Newsprint            1226 

•centile 

Groundwood 

570 

Fine  Paper              0 

Bleached       1540         1279  t/day 

Refiner  Gwd 

0 

Tissue                      0 

Total               2584          ??90 

TMP 

520 

Packaging                 0 

CTMP 

0 

Other                       0 

Ultra  Hi  Vield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (inc  waste) 

0 

Summary  of  Effluent  Characteristics 

{based  on  first  six  months  of  1990, 

90th  per-  Average 
-centile 

Rowcu  m/day  =  190,000  173,931 

TSS,  kg/day       =    20,327  16.158 

BOD,  kg/day      =    59,408  49.014 

AOX,  kg/day       =      6,562  4,128 

Row  cu  m/ton   =  76 


Acute  Toxicity  Tests      (LC50  %) 

1967       1988 
TFOLfT       TWX/T 


Geometric  Mean 


1989 

1990 

1990 

TROUT 

TfOUT 

OAPHNIA 

6 

59 

55 

77 

41 

63 

38 

100 

40 

69 

41 

100 

31 

76 

Temperatures  Minimum     Average    

Maximum    

Notes 

Bleaching  data  summarised  here  is  A  mill  Softwood  (line  1)  and  B  Mill  Hardwood  (line  2) 

Milt  Processes 

Wood  supply:  Softwood  75%  Jacifpine,  14%  balsam,  11%  spruce,  hiardwood  100%  aspen. 

Proportion  wood  dry  debarked:  85%  Proportion  wood  NOT  debarked  on  site:  15% 

Proportion  wood  wet  debarked:  % 

Digester  type  (chemical  pulp  only):    2  Kamyrs.   1966  &  76 
Pulp  Washing  saltcake  loss,  line  1.  kg/t  pulp:  8.7 
Pulp  Washing  saltcake  loss,  line  2,  kg/t  pulp:  6.2 
Pulp  Washing  saltcake  loss,  line  3,  kg/t  pulp: 

Bleach  sequence  (s)       DCEHDED/DCEoDED 


Typical  Kappa33,  12 


Chlorine  dioxide  substitution: 
Chlorine  dioxide  sub.  line  2: 


55% 
60% 


In-plant  effluent  control  measures 

Dry  debarking,  high  (50%)  substitution,  closed  screen  room,  condensate  stripper  (steam).  Soap  and  turpentine  recovery. 

Existing  effluent  treatment 

Primary:        Clarifiers  (4) 

Secondary:  None. 

Recipient:     Kaministiquia  River,  to  Thunder  Bay,  L.  Superior 


Outfall:    Diffuser 


History 

The  mill  is  located  in  Thunder  Bay  and  began  operation  in  1924  as  a  groundwood  mill.  A  newsprint  mill  was  constructed 
in  1927  and  a  sulphite  mill  was  added  in  1926.    In  1966.  a  kraft  mill  was  constructed  followed  by  a  second  kraft  mill  in 
1976.   Spent  sulphite  liquors  from  the  sulphite  mill  were  recovered  in  the  kraft  mill  recovery  system  until  early  1991 .  TMP 
mill  started  up  Feb  1991, 
Formerly  known  as  Great  Lakes  Forest  Products  Ltd. 

Committed  modifications  which  will  modify  effluents 

Oxygen  Activated  sludge  to  treat  about  2/3  effluent  (phase  1).   TMP  to  replace  some  Gwd.  Shut  down  sulphite  mill  April 
1991. 
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Domtar  Inc.,  Fine  Papers  Div.,  Cornwall 


Mill  No:  10 


Product  Catsgory:  Kraft 
FAX:  613-938-4673 

Nominal  Pulp  Capacity 


Number  of  enfiployees:  1450 
Phone:  613-938-4562 


Nominal  Product  Capacity 

t/day 


Unbleached  Kraft 

0  t/day 

Market  Kraft 

0 

Bleached  Kraft 

450 

Newsprint 

0 

Ground  wood 

0 

Fine  Paper 

825 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

0 

Packaging 

0 

CTMP 

0 

Other 

0 

Ultra  Hi  Yield  Sulphite 

0 

High  Vield  Sulphite 

0 

Low  rield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (inc  waste) 

0 

Production  1990 

90th  per-    Average 

-centile 
Bleached         480  412  t/day 

Total  856  726 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 


Acute  Toxicity  Tests      (LC50  %) 

1987       1988 
TTOUT      TROUT 


Row  cu  m/day  =  135,000 

126,049 

TSS,  kg/day        =    12,104 

10,415 

BOD,  kg/day      =    26,398 

22,053 

AOX,  kg/day       =         528 

401 

Row  cu  m/ton    = 

174 

Geometric  Mean 

Temperatures  Minimum 

18C  Average    25C 

Maximum 

35C 

1989 

1990 

1990 

TROUT 

TROUT 

DAPHNIA 

06 

100 

75 

39 

100 

100 

89 

100 

85 

100 

66 

27 

79 

68 

Notes 

Anthraquinone  used  to  raise  pulping  yield 

Black  liquor  discharges  high  due  to  limited  recovery  boiler  capacity. 

due  to  reaction  with  black  liquor  in  sewer. 

Passed  6/6  daphnia  and  4/6  toxicity  late90 


AOX  low  relative  to  bleach  chemicals  used,  pernaps 


Mill  Processes 

Wood  supply:  100%  hardwood 
Proportion  wood  dry  debarked:  70% 
Proportion  wood  wet  debarked:  % 

Digester  type  (chemical  pulp  only):    6  digesters  1961-76 
Pulp  Washing  saltcake  loss,  line  1 ,  kg/t  pulp: 
Pulp  Washing  saltcake  loss,  line  2,  kg/t  pulp: 
Pulp  Washing  saltcake  loss,  line  3,  kg/t  pulp: 

Bleach  sequence(s)      CdEoDED 


Proportion  wood  NOT  debarked  on  site:  30% 


Typical  Kappa  0, 15 


Chlorine  dioxide  substitution:   45% 


In-plant  effluent  control  measures 

Steam  stripper,  fibre  spill  recovery  In  upper  floors  of  bleaching  and  digester  areas,  lime  spilt  control 
Lime  spill  clarifier  and  filter  to  eliminate  recaust  plant  losses  in  1988 
Reclamation  of  wet  press  efUuents 
Rbre  recovery  system  for  primary 

Existing  effluent  treatment 

Primary       Clarifier 

Secondary:  None 

Recipient:    St.  Lawrence  River 


Outfall:    Submerged  Diffuser. 


History 

The  mill  was  established  in  1883  as  a  groundwood  mill.  In  1888  the  mill  added  a  sulphite  pulping  operation  A  soda 
pulp  mill  was  added  in  1927  but  was  converted  to  a  kraft  mill  in  the  1940's.  The  sulphite  and  groundwood  mills  were 
shut  down  in  the  1970's.  The  mill  purchases  market  pulps  to  supplement  its  furnish. 
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BAT  Definition  Study,  Pulp  and  Paper  Sector 


Domtar  Inc.,  Containerboard  Division,  Red  Rock 


Mill^4o:11 


Product  Category:  Kraft 
FAX:  807-866-2532 


Number  of  employees:  650 
Phone:807-886-2211 


Nominal  Pulp  Capacity 

Nominal  Product  Capacity          Production  1990 

Unbleached  Kraft              700 

t/day 

Market  Kraft              0  t/day                                       90th  per-    Average 

Bleached  Kraft                  50 

Newsprint             250                                                  -centile 

Groundwood                     200 

Rne  Paper               0                                  Bleached           75 

57  t/day 

Refiner  Gwd                          0 

Tissue                      0                                  Total                976 

819 

TMP                                      0 

Packaging               0 

CTMP                                      0 

Other                   650 

Ultra  Hi  Yield  Sulphite          0 

High  Yield  Sulphite                0 

Low  Yield  Sulphite               0 

Semi  Chemical                     0 

De-inking                              0 

Other  pulp  (inc  waste)      725 

Summary  of  Effluent  Characteristics                   Acute  Toxicity  Tests      (LC50  %) 

{based  on  first  six  months  of  1 990, 

1987       1988       1989        1990 

1990 

90th  per- 

Average 

TROUT      TROUT       TROUT         TROUT 

OAPHNIA 

-centile 

39 

100 

Row  cu  m/day  =    99,870 

95.187 

33 

100 

TSS.  kg/day       =      7.273 

6.260 

52 

81 

BOD,  kg/day      =    19,588 

15,716 

37 

100 

AOX,  kg/day       =         223 

169 

87 

100 

Row  cu  m/ton    = 

116 

39 

Geometric  Mean                                          46 

83 

Temperatures  Minimum     Average    

Maximum    

Notes 

Nominal  product  rates.  (1a)  Hwd  60t/d  29  Kappa 
(lb)Rnes99t/d51  Kappa 

(2)  500  t/d  Kappa  100  for  liner 

(3)  70  t/d  bleachable  35  Kappa. 

Mill  Processes 

Wood  supply:  40%  hardwood,  45%  Spruce,  15%  Jackpine 
Proportion  wood  dry  debarked:  % 
Proportion  wood  wet  debarked:  65% 

Digester  type  (chemical  pulp  only):     MD  fines  + 1 1  Batch 
Pulp  Washing  saltcake  loss,  line  1,  kg/t  pulp:  29.0 
Pulp  Washing  saltcake  loss,  line  2,  kg/t  pulp:  31.0 
Pulp  Washing  saltcake  loss,  line  3,  kg/t  pulp:  10.0 

Bleach  sequence(s)      CEH 


Proportion  wood  NOT  debarked  on  site:  35% 


Typical  Kappa99,  30 


Chlorine  dioxide  substitution: 


ln-p)ant  effluent  control  measures 

Alum  used  in  primary  clarffer  to  reduce  toxicity.  Steam  stripper  for  kraft  condensates.   Biack  liquor  spill  recovery.  Boiler 
at  85%  load. 

Existing  effluent  treatment 

Primary;       Clarifier 

Secondary:  None 

Recipient:     NIPIGON  BAY.  LAKE  SUPERIOR 


Outfall:    Surface  with  foam  control 


History 

The  mill  was  buitt  in  1945  as  a  sulphite  mill  and  was  converted  to  a  kraft  mill  in  1959.  In  1961,  the  mill  was  purchased  by 
Domtar  Inc.  The  mill  was  expanded  and  renovated  in  1970. 
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N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


E.B.  Eddy  Forest  Products  Ltd.,  Espanola 


Mill  No;  14 


Product  Category:  Kraft 
FAX:  705-869-4901 

Nominal  Pulp  Capacity 


Number  of  employees:  GOO 
Phone:  705-869-2020 


Nominal  Product  Capacity 


Unbleached  Kraft 

0  t/day 

Market  Kraft 

738 

Bleached  Kraft 

910 

f^towsprint 

0 

Groundwood 

0 

Fine  Paper 

0 

Refiner  Gwd 

Q 

Tissue 

0 

TMP 

0 

Packaging 

0 

CTMP 

0 

Other 

172 

Ultra  HI  Yield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De -inking 

0 

Other  pulp  ^nc  waste) 

0 

Production  1990 

90th  per-  Average 

-centile 
Bleached       1216  943  t/day 

TotaJ  1216  943 


Summary  of  Effluent  Characteristics 

{based  on  first  six  months  of  1990, 

90th  per-  Average 
-centile 

Row  cum/day  ^119,257  98,577 

TSS,  kg/day       =      4,525  2,745 

BOD.  kg/day      =      2,407  1,689 

AOX.  kg/day      =      1 ,069  841 

Row  cu  m/ton    =  105 


Acute  Toxicity  Tests      (LC50  %) 

1987       1988 

TROUT       TTWUT 


Geometric  Mean 


1989 

1990 

1990 

TROUT 

TTKH/r 

DAPHNIA 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 
100 

100 

100 

Temperatures  Minimum     20C  Average 
Maximum    32C 


250 


Notes 

Kappa  numbers  shown  are  after  oxygen  detignlfication. 

Mill  Processes 

Wood  supply:  46%  Jackpine,  8%  spruce,  45%  birch/maple  and  poplar 

Proportion  wood  dry  debarked:  100%  Proportion  wood  NOT  debarked  on  site:  % 

Proportion  wood  wet  debarked:  % 

Digester  type  (chemical  pulp  only):     Kamyr(Swd)  &  5  Batch 
Pulp  Washing  saltcake  loss,  line  1.  kg/t  pulp 
Pulp  Washing  saltcake  loss,  line  2,  kg/t  pulp 
Pulp  Washing  saltcake  loss,  line  3.  kg/t  pulp 


8,0 
14,0 


Typical  Kappa20,  10 


Bleach  sequence(s)       OCdEHD/ODcEoHD 


Chlorine  dioxide  substitution: 
Chlorine  dioxide  sub.  line  2: 


60% 
30% 


In-plant  effluent  control  measures 

Oxygen  delignification,  MCC  on  softwood  (retrofit,  to  24  Kappa). 
Steam  stripper  tor  condensates. 

Existing  effluent  treatment 

Primary:       Clarifier  for  paper  milt,  settling  basins  for  pulp  mill 

Secondary:  7-10  day  aerated  basin  w/1230kw  aeration,  24,000  cu.  m.  capacity  spill  basin. 

Recipient:     SPANISH  RIVER,  NORTH  CHANNEL  OF  LAKE  HURON  Outfall:    Diffuser 

History 

The  mill  commenced  operations  in  1898,  and  was  converted  to  kraft  process  by  the  Kalamazoo  Vegetable  Parchment 
Co.  in  1943,  Eddy  purchased  mill  in  1969.  Extensive  modernisation  from  1975  to  1983,  including  first  oxygen 
delignification  systems  In  Canada. 
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N.  McCubbin  Consultants  Inc. 


BAT  Detinrtion  Study,  Pulp  and  Paper  Sector 


James  River-Marathon  Ltd.,  Marathon 


Mill  No:  16 


Product  Category:  Kraft 
FAX:  807-229-2954 

Nominal  Pulp  Capacity 

Unbleached  Kraft  0 

Bleached  Kraft  433 

Groundwood  0 

Refiner  Gwd  0 

TMP  0 

CTMP  0 

Ultra  Hi  Yield  Sulphite  0 

High  Yield  Sulphite  0 

Low  Yield  Sulphite  0 

Semi  Chemical  0 

De-inking  0 

Other  pulp  ^nc  waste)  0 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 


Number  of  employees;  380 
Phone:  807-229-1200 


Nominal  Product  Capacity 

t/day  MaikBX  Kraft  500  t/day 


Newsprint 

0 

Fine  Paper 

0 

Tissue 

0 

Packaging 

0 

Other 

0 

Production  1990 

90th  per-  Average 

-centile 
Bleached  523  425  t/day 

Total  523  425 


Acute  Toxicity  Tests      (LC50  %) 


1987       1988       1989 
TROUT      TROUT      TROLfT 


Row  cu  m/day  =   66,424 

61.888 

TSS,  kg/day       =      3.508 

2,578 

BOD,  kg/day      =    15,079 

12,564 

AOX  kg/day      = 

3,000 

Row  cu  m/ton    = 

146 

Geometric  Mean 

Temperatures  Minimum 

Average 

Maximum 

1990 

1990 

TROUT 

DAPMNIA 

14 

13 

14 

19 

14 

15 

14 

14 

33 

81 

29 

17 

16 

20 

Notes 

Single  line  mill  {1)  below  is  softwood  (about  90%  of  production),  (2)  is  hardwood. 

AOX  data  in  MISA  report  not  credible.  Value  shown  is  estimate  by  N.  McCubbin  Consultants  Inc. 

Mill  Processes 

Wood  supply:  54%  spruce,  34%  Jackpine,  10%  Poplar,  2%  balsam 

Proportion  wood  dry  debarked;  10%  Proportion  wood  NOT  debarked  on  site:  90% 

Proportion  wood  wet  debarked:  % 

Digester  type  (chemical  pulp  only):     Batch 
Pulp  Washing  saltcake  loss,  line  1 ,  kg/t  pulp:  7.0 
Pulp  Washing  saltcake  loss,  tine  2,  kg/t  pulp:  8.0 
Pulp  Washing  saltcake  loss,  line  3,  kg/t  pulp: 

Bleach  sequence(s)      CdEoHED 


Typical  Kappa    30, 


Chlorine  dioxide  substitution:   46% 
Chlorine  dioxide  sub.  line  2:      51% 


In-plant  effluent  control  measures 

High  (50%)  chlorine  dioxide  substitution.  (100%  1991) 

Spill  collection  1986 

New  brownslock  washers  1989 

Sewer  conductivity  network  86 

Existing  effluent  treatment 

Primary:       Clarifier 
Secondary:  None 
Recipient:    LAKE  SUPERIOR 


Outfall:    Foam  basin,  multiporl  diffuser 


History 

The  mill  was  constructed  a  kraft  mill  in  1945.  In  the  late  1970's  the  mill  embarked  on  a  modernization  program  and  in 
1984  installed  a  foam  retention  lagoon  and  diffuser  outfall  into  Ijke  Superior  which  eliminated  a  long-standing  aesthetic 
problem  associated  with  the  mill's  discharge. 

Committed  modifications  which  will  modify  effluents 

(DC)EoDED  bleaching  sequence  staried-up  May  91,  up  to  100%  substitution. 
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N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study.  Pulp  and  Paper  Sector 


Kimberly-Clark  Canada  Inc.,  Terrace  Bay 


Millt4o:  19 


Product  Category:  Kraft 
FAX:  807-825-3322 


Number  of  en^ployees:  730 
Phone:  807-825-321 1 


Nominal  Pulp  Capactty 

Nominal  Product  Capacity           Production  1990 

Unbleached  Kraft 

0  t/day 

Market  Kraft 

1200  t/day                                       90th  per-    Average 

Bleached  Kraft                1200 

Newsprint 

0                                                  -centile 

Groundwood 

0 

Rne  Paper 

0                                  Bleached       1308 

mot/day 

Refiner  Gwd 

0 

Tissue 

0                                     Total                1308 

1110 

TWP 

0 

Packaging 

0 

CTMP 

0 

Other 

0 

Ultra  Hi  Yield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (inc  waste) 

0 

Summary  of  Effluent  Characterlstica 

Acute  Toxicity  Tests      (LC50  %) 

(based  on  first  six  months 

3f  1990, 

1987       1988       1989        1990 

1990 

goth  per- 

Average 

TROUT       TROUT       TOOUT         TROUT 

DAPHNIA 

-centile 

100 

100 

Row  cum/day  =  109,553 

95,122 

100 

100 

TSS,  kg/day       =      5,838 

4,279 

100 

100 

BOD,  kg/day      =      2,430 

1,408 

100 

iro 

AOX,  kg/day      =      2,520 

1,931 

100 

100 

Row  cu  m/ton    = 

86 

100 
Geometric  Mean                                         100 

100 
100 

Temperatures  Minimum 

12C  Average 

20C 

Maximum 

25C 

Notes 

Mill  operating  data  were  made  available  on  a  confidential  basis. 

None  of  the  data  supplied  indicated  that  effluents  would  be  outside  typical  industry  ranges. 


Mill  Processes 

Wood  supply:  30%  poplar,  70%  pine,  spruce  and  fir. 
Proportion  wood  dry  debarked:  75% 
Proportion  wood  wet  debarked:  % 

Digester  type  (chemical  pulp  only):     17  batch 
Pulp  Washing  saltcake  loss,  line  1,  kg/t  pulp:  6.0 
Pulp  Washing  saltcake  loss,  line  2,  kg/t  pulp:  6.0 
Pulp  Washing  saltcake  loss,  line  3.  kg/t  pulp: 

Bleach  sequence(s)       DCPEoDED,  DCEDEO 


Proportion  wood  NOT  debarked  on  site:  25% 


Typical  Kappa27,  12 


Chlorine  dioxide  substitution: 


In-plant  effluent  control  measures 

Excellent  liquor  spill  system.  Also  fibre  spill  recovery  and  spill  pond  for  total  effluent. 

Steam  stripper  for  contaminated  condensates. 
Eliminated  hlypo  stages 

Existing  effluent  treatment 

Primary:       Clarifier  (2) 

Secondary:  Aerated  stabilisation  basin  commissioned  September  1969 

Recipient:     BLACKBIRD  CREEK,  JACKRSH  BAY,  l_AKE  SUPERIOR  Outfall:    None 

History 

The  mill  was  constructed  in  1946  as  a  small  (320  tonne  per  day)  kraft  mill  Over  the  years,  the  production  was  steadily 
increased  and  in  1978,  a  new  second  kraft  pulping  mill  was  added.  In  1981,  a  fire  occurred  at  the  mill  and  during 
subsequent  reconstruction,  several  new  process  changes  were  incorporated. 
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N.  McCubbJn  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Maiette  Kraft  Pulp  and  Paper  Co.,  Smooth  Rock  Falls 


Mill  No:  21 


t/day 


Product  Category:  Kraft 
FAX:  705-338-4506 

Nominal  Pulp  Capacity 

Unbleached  Kraft  0 

Bleached  Kraft  340 

Groundwood  0 

Refiner  Gwd  0 

TMP  0 

CTMP  0 

Ultra  Hi  Yield  Sulphite  0 

High  Yield  Sulphite  0 

Low  Yield  Sulphite  0 

Semi  Chemical  0 

De-inking  0 

Other  pulp  (inc  waste)  0 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-  Average 
-centile 
54,470 
2,093 
10,088 
1.773 


Number  of  employees:  300 
Phone:  705-338-2741 


Nominal  Product  Capacity 

Market  Kraft  321  t/day 
Newsprint  0 

Fine  Paper  0 

Tissue  0 

Packaging  0 

Other  0 


Production  1990 

90th  per-  Average 

-centile 
Bleached  390  298  t/day 

Total  373  296 


Acute  Toxicity  Tests      (LC50  %) 

1987       1988 
TBOUT      TROUT 


Row  cu  m/day 
TSS,  kg/day 
BOD.  kg/day 
AOX,  kg /day 
Row  cu  m/ton 


50,664 

1,512 

8,310 

1,294 

171 


Geometric  Mean 


1989 

1990 

1990 

TROUT 

TROUT 

DAPHNIA 

53 

77 

19 

15 

30 

26 

30 

24 

32 

28 

24 

23 

30 

28 

Temperatures  Minimum     Average    

Maximum    

Notes 

Major  modernisation  program  In  progress  1991,  including  oxygen  delignification  to  kappa  15,  steam  stripping 
condensates,  closed  screen  room  and  new  recovery  boiler.  Predict  50%  reduction  in  BOO 


Mill  Processes 

Wood  supply:  65%  blackspruce,  35%  jackplne 
Proportion  wood  dry  debarked:  % 
Proportion  wood  wet  debarked:  % 

Digester  type  (chemical  pulp  only):     Kamyr,  MCC  added  91 
Pulp  Washing  saltcake  loss,  line  ).  kg/t  pulp:  16.0 
Pulp  Washing  saltcake  loss,  line  2,  kg/t  pulp: 
Pulp  Washing  saltcake  loss,  line  3,  kg/t  pulp: 

Bleach  sequence{$)      CdEoDED 
In-plant  effluent  control  measures 
Existing  effluent  treatment 

Primary:       Clarifier 

Secondary:  None 

Recipient:    MATTAGAMI  RIVER,MOOSE  RIVER,  JAMES  BAY 


Proportion  wood  NOT  debarked  on  site:  % 


Typical  Kappa    23. 


Chlorine  dioxide  substitution:    16% 


Outfall:    None 


History 

The  mill  was  originally  built  In  1916  as  a  sulphite  mill  and  was  converted  to  a  kraft  milt  in  1965. 

Committed  modifications  which  will  modify  effluents 

16  t/day  chlorine  dioxide  plant  to  raise  substitution  (mid  199"!) 
New  recovery  and  evaporater  system 
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N.  McCubbln  Consultants  Inc. 


BAT  Definition  Study.  Pulp  and  Paper  Sector 


AbitibJ-Price  Inc.,  Thunder  Bay  Div.,  Thunder  Bay 


Mill  No:  04 


Product  Category:  Sulphite-Mechanical 
FAX:  807-683-3732 

Nominal  Pulp  Capacity 


Number  of  employees:  325 
Phone:  807-683-6235 


Nominal  Product  Capacity 


Unbleached  Kraft 

0 

t/day 

Market  Kraft 

0  t/day 

Bleached  Kraft 

0 

Newsprint 

460 

Groundwood 

340 

Rne  Paper 

0 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

0 

Packaging 

0 

CTMP 

0 

Other 

0 

Ultra  Hi  Yield  Sulphite 

0 

High  Yield  Sulphite 

140 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (inc  waste) 

0 

Production  1990 

90th  per-  Average 

-centile 
Bleached  t/day 

Total  517  472 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 


Acute  Toxicity  Tests      (LC50  %) 


Row  cu  m/day  = 

48.838 

44.728 

TSS, kg/day       = 

2,475 

1,904 

BOD,  kg/day      = 

34,392 

27.344 

AOX,  kg/day      = 

Row  cu  m/ton    = 

95 

1987 

1988 

1989 

1990 

1990 

TROUT 

TROUT 

TROUT 

TROUT 

DAPMNIA 

13 

25 

15 

15 

32 

32 

13 

30 

15 

27 

23 

14 

13 

21 

25 

19 

28 

18 

39 

25 

24 

34 

37 

in  21 

20 

18 

19 

32 

Geometric  Mean  21 

Temperatures  Minimum     Average    

Maximum    

Notes 

Wet  debarking.  Effluent  flow  measuring  weir  rebuilt  late  1989.  and  new  data  indicates  that  1987-1989  flows  were  about 
20%  tow. 


Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 


Proportion  wood  NOT  debarked  on  site:  % 


In-plant  effluent  control  measures 
Existing  effluent  treatment 

Primary:       Woodroom  clarifier.  2  settling  basins  for  whole  mill  effluent 

Secondary:  None 

Recipient:    Thunder  Bay.  Lake  Superior. 


Outfall:    Surface  creek.  MoE  reports  no  problems 


History 

The  milt  currently  operates  a  high  yield  sulphite  pulping  process  and  produces  groundwood  pulp  and  newsprint. 

Committed  modifications  which  will  modify  effluents 

Mill  was  idled  for  two  years  by  company  in  early  1991. 
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N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Abitibj-Price  Inc.,  Fort  William  DIv.,  Thunder  Bay 


Milt  No:  02 


Product  Category:  Sulphite-Mechanical 
FAX:  807-622-7355 


Number  of  employees:  300 
Phone:  807-625-7403 


Nominal  Pulp  Capacity 


t/day 


Unbleached  Kraft  0 

Bleached  Kraft  0 

Groundwood  220 

Refiner  Gwd  0 

TMP  0 

CTMP  0 

Ultra  Hi  Yield  Sulphite  130 

High  Yield  Sulphite  0 

Low  Yield  Sulphite  0 

Semi  Chemical  0 

De-inking  0 

Other  pulp  (inc  waste)  0 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 


Nominal  Product  Capacity 

t/day 


Market  Kraft 

0 

Newsprint 

390 

Fine  Paper 

0 

Tissue 

0 

Packaging 

0 

Other 

0 

Production  1990 

90th  per-  Average 

-centile 
Bleached  t/day 

Total  428  371 


Acute  Toxicity  Tests  (LC50  %) 

1987       1988  1989        1990 

TROUT      TROl/T  TROUT 

10             10  14 


Row  cu  m/day  = 

29,359 

25.658 

TSS,  kg/day       = 

1.690 

1,190 

BOD,  kg/day      = 

18.319 

14,023 

AOX,  kg/day       = 

Row  cu  m/ton    = 

69 

10  10 
2  9 
2  10 

11  1 
20  10 

Geometric  Mean    7  7 


19 
2 


TROUT 
11 

9 
5 

7 

e 


1990 

DAPHNIA 

17 
24 
15 
18 
22 

19 


Temperatures  Minimum     Average 

Maximum 


Notes 

Only  dioxin  found  in  1990  monitoring  was  Octo. 

Mill  Processes 

Wood  supply:  Softwood.  Chips  purchased  for  UHYS  (SCMP),  roundwood  for  groundwood  mill 
Proportion  wood  dry  debarked:  %  Proportion  wood  NOT  debarked  on  site:  30% 

Proportion  wood  wet  debarked:  70% 

In-plant  effluent  control  measures 

Existing  effluent  treatment 

Primary:       Clarifier,  settling  ponds 

Clarifier  for  woodroom,  SCMP  and  Gwd  cleaner  rejects.  All  thru  ponds 
Secondary: 

hJone 
Recipient: 

Thunder  Bay,  Lake  Superior  Outfall:    2  surface  outfalls  to  semi-impounded  bay 

History 

The  mill  was  built  as  a  groundwood  mill.   Subsequently,  a  sulphite  mill  was  constructed  which  operated  until  the  end  of 
1981  when  it  was  replaced  with  a  chemi-mechanical  pulping  process. 

Committed  modifications  which  will  modify  effluents 

Deink  plant  startup  1992 
Reducing  water  use. 
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N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Abitjbi-Price  Inc.,  Provincial  Papers  DIv.,  Thunder  Bay 


Mill  No:  03 


Product  Category:  Sulphite- Mechanical 
FAX;  807-683-2372 

Nominal  Pulp  Capacity 


Number  ot  employees:  250 
Phone:  807-683-2208 


Nominal  Product  Capacity 

t/day 


Unbleached  Kraft 

0  t/dsy 

Market  Kraft 

0 

Bleached  Kraft 

0 

Newsprint 

0 

Groundwood 

100 

Fine  Paper 

500 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

0 

Packaging 

0 

CTMP 

0 

Other 

0 

Ultra  Hi  Yield  Sulphite 

0 

High  Yietd  Sulphite 

0 

Low  rield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (tnc  waste) 

0 

Production  1990 

90th  per-  Average 

-centlle 
Bleached  t/day 

Total  489  424 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centlle 


Acute  Toxicity  Tests      (LC50  %) 


Row  cu  m/day  = 

53.818 

47,206 

TSS, kg/day       = 

2,433 

1,594 

BOD,  kg/day      = 

5,972 

4.221 

AOX,  kg/day      = 

Flow  cu  m/ton    = 

111 

1987 

1988 

1989 

1990 

1990 

TROUT 

TROUT 

TROUT 

TROUT 

DAPHNIA 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

anIOO 

100 

ira 

100 

100 

Temperatures  Minimum    _ 

Maximum    

Notes 

Dry  debarking 

Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked;  % 


Average    


Proportion  wood  NOT  debarked  on  site:  % 


In-plant  effluent  control  measures 

Existing  effluent  treatment 

Primary:       Woodroom  clarifier  and  serpentine  settling  basin 

Secondary:  None 

Recipient:    THUNDER  BAY,  LAKE  SUPERIOR 


Outfall:    Surface 


History 

The  mill  was  originally  constructed  as  a  sulphite  mill.  In  1922  the  mill  began  paper  production  and  later,  groundwood 
pulp  production  was  added.  In  1978  the  sulphite  pulping  process  was  shut  down  and  the  milt  now  purchases  market 
pulps  to  provide  furnish. 
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N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study.  Pulp  and  Paper  Sector 


Abitibi-Price  Inc.,  Iroquois  Falls  Dtv.,  Iroquois  Falls 


Mill  No:  01 


Product  Category:  Sulphite-Mechanical 
FAX:  705-258-3350 

Nominal  Pulp  Capacity 

Unbleached  Kraft  0  t/day 

Bleached  Kraft  0 

Groundwood  540 

Refiner  Gwd  0 

TMP  0 

CTMP  0 

Ultra  Hi  Yield  Sulphite  0 

High  Yield  Sulphite  272 

Low  Yield  Sulphite  0 

Semi  Chemical  0 

Oe-inking  0 

Other  pulp  (inc  waste)  0 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  ol  1990, 

90th  per-    Average 
-oentile 

69,910  62,414 

9,527  7.625 

63,907  55,817 


Number  of  employees:  900 
Phone:  705-258-3220 


Nominal  Product  Capacity 


Market  Kraft 

0  t/day 

Newsprint 

880 

Rne  Paper 

0 

Tissue 

0 

Packaging 

0 

Other 

0 

Row  cu  m/day 
TSS,  kg/day 
BCD.  kg/day 
AOX,  kg/day 
Row  cu  m/ton 


Temperatures  Minimum 

Maximum 


78 


6C  Average 
37C 


28C 


Notes 

Wet  debarking, 
error. 


Production  1990 

90th  per-  Average 

-centile 
Bleached  t/day 

Total  906  801 


Acute  Toxicity  Tests      (LC50  %) 


1987 

1988 

1989 

1990 

1990 

TWDUT 

TBOUT 

TROUT 

TROUT 

DAPHNIA 

10 

23 

7 

7 

7 

35 

23 

6 

14 

22 

7 
7 
7 
6 

14 
IS 
14 

e 

Geometric  Mean  20 

23 

7 

7 

12 

1988  Effluent  ffow  and  TSS  discharge  provided  by  mill,  because  MoE  data  had  obvious  typographical 


Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 


Proportion  wood  NOT  debarked  on  site:  % 


In-plant  effluent  control  measures 

Woodrom  water  usage  reduction  in  1991. 
Existing  effluent  treatment 

Primary:       2  Clarifiers 
Secondary:  None 
Recipient:    Abitibi  River 


Outfall:    Diffuser  in  river 


History 

The  mill  operates  a  high  yield  sulphite  pulping  process  (without  recovery)  and  produces  groundwood  pulp  and 
newsprint. 
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N.  McCubbin  ConsuKants  Inc. 


BAT  Definition  Study,  Putp  and  Paper  Sector 


Boise  Cascade  Canada  Ltd.,  Kenora 


Mill  No:  07 


Product  Category:  Sulphite-Mechanical 
FAX;  807-468-6168 

Nominal  Pulp  Capacity 


Number  of  employees:  850 
Phone;  807-468-641 1 


Nominal  Product  Capacity 

t/day 


Unbleached  Kraft 

0  t/day 

Market  Kraft 

0 

Bleached  Kraft 

0 

Newsprint 

950 

Groundwood 

563 

Rne  Paper 

0 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

0 

Packaging 

0 

CTMP 

0 

Other 

0 

Ultra  Hi  Yield  Sulphite 

260 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (inc  waste) 

0 

Production  1990 

90th  per-  Average 

-centile 
Bleached  t/day 

Total  1057  929 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 

52.200  47,786 

4,244  3,431 

43,521  34,889 


Acute  Toxicity  Tests      (LC50  %) 


Row  cu  m/day 
TSS,  kg/day 
BOD,  kg/day 
AOX,  kg/day 
Row  cu  m/ton 


Temperatures  Minimum 

Maximum 


51 


Average    350 


1987 

1988 

1969 

1990 

1990 

TROUT 

TROUT 

TROUT 

TRQl/T 

DAPHNIA 

2 

3 

6 

2 

9 

7 

3 

5 

2 

100 

4 

12 

2 

5 

6 

6 

7 

11 

2 

100 

3 

14 

11 

4 

3 

9 
20 

Geometric  Mean     4 

6 

6 

3 

19 

Notes 

Purchased  kraft  makes  up  shortfall  in  pulping  capacity. 

n^ill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  100% 

Proportion  wood  wet  debarked:  % 


Proportion  wood  NOT  debarked  on  site:  % 


In-plant  effluent  control  measures 

Effluent  segregation 

&j|phite  pulping  converted  to  ultra  high  yield  to  reduce  BOD. 

Existing  effluent  treatment 

Primary:       Claritier 

Secondary:  None 

Recipient:    WINNIPEG  RtVER 


Outfall:    Diffuser 


History 

The  mill  operates  a  ultra  high  yield  sulphite  pulping  process  (without  recovery)  and  produces  groundwood  pulp  and 

newsprint. 

TMP  under  construction  to  replace  some  groundwood. 
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BAT  Definition  Study,  Pulp  and  Paper  Sector 


Quebec  and  Ontario  Paper  Company  Ltd.,  Thorold 


Mill  No:  23 


Product  Category:  Sulphite-Mechanical 
FAX:  416-227-2353 

Nominal  Pulp  Capacity 


Number  of  en^ployeas:  1150 
Phone:416-227-1121 


Nominal  Product  Capacity 

t/day 


Unbleached  Kraft 

0  t/day 

Market  Kraft 

0 

Bleached  Kraft 

0 

Newsprint 

871 

Groundwood 

0 

Fine  Paper 

0 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

35? 

Packaging 

0 

CTMP 

0 

Other 

0 

Ultra  Hi  Yield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

432 

Other  pulp  (inc  waste) 

0 

Production  1990 

90th  per-  Average 

-centile 
Bleached  t/day 

Total  1004  840 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 


Acute  Toxicity  Tests      (LC50  %) 

1987       1988       1989        1990 
THOUT      TRX/T      TROUT 
100         100         100 


Row  cu  m/day  = 

66.615 

60,740 

TSS,  kg/day      = 

3.931 

2,932 

BOD,  kg/day      = 

1.675 

1,134 

AOX,  kg/day       = 

Row  cu  m/ton    = 

72 

100 
100 


100 
100 
100 


Geometric  MeanlOO        100 


100 
100 


100 


TTKXJT 

100 
100 
100 
100 
100 
100 
100 


1990 
DAPHNIA 
100 
100 
100 
100 
100 
100 
100 


Temperatures  Minimum     Average 

Maximum 


Notes 

No  debarking 

Sulphite  mill  shut  down  end  1987.  with  major  cut  in  BOD  Milt  invested  approx  $20  million  in  1980  on  In-plant,  primary 

and  secondary  treatment.  Annual  operating  costs  approx  $3  million  {1989). 

■Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 


Proportion  wood  NOT  debarked  on  site:  % 


in-plant  effluent  control  measures 
Existing  effluent  treatment 

Primary:       Clarifier.  Deink  froth  to  combined  sludge  dewatering.  Sludge  to  agricultural  fertiliser 
Secondary:  Oxygen  Activated  Sludge.  Sludge  to  gravity  thickener,  then  to  press.  Ail  used  as  fertiliser 
Recipient:    Twelve  Mile  Deek  Outfall:    Submerged 

History 

The  mill  originally  manufactured  the  newsprint  from  sulphite  and  groundwood  pulps.  In  the  19e0's.  the  mill  constructed 
a  deinking  plant  for  recycling  newsprint  and  in  1987  thie  sulphite  pulping  operation  was  shut  down,  A  high  rate 
biological  treatment  system  which  utilizes  oxygen,  was  installed  in  1980.  The  mill  is  the  only  one  in  Canada  which 
recycles  newspapers  (although  several  are  under  construction  or  are  plannd). 
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N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


St.  Marys  Paper  Inc.,  Sault  Ste.  Marie 


Mill  No;  24 


Product  Category:  Sulphite-Mechanical 
FAX:  705-942-2097 

Nominal  Pulp  Capacity 


Number  of  employees:  520 
Phone:  705-942-6075 


Unbleached  Kraft 

0  t/day 

Bleached  Kraft 

0 

Ground  wood 

450 

Refiner  Gwd 

0 

TMP 

0 

CTMP 

0 

Ultra  Hi  Vield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (inc  waste) 

0 

Nominal  Product  Capacity 

Market  Kraft  0  t/day 

Newsprint  0 

Fine  Paper  0 

Tissue  0 

Packaging  0 

Other  550 


Production  1990 

90th  per-    Average 

-centile 
Bleached  t/day 

Total  629  506 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 


Acute  Toxicity  Tests      (LC50  %) 


Row  cu  m/day  = 

36,061 

33,337 

TSS, kg/day       = 

7,964 

6,012 

BOD,  kg/day      = 

9,526 

5,701 

AOX,  kg/day      = 

Row  cu  m/ton   = 

66 

1987 

1986 

1989 

1990 

1990 

TBOUT 

TROUT 

TROUT 

TROUT 

DAPHNIA 

25 

21 

100 

39 

20 

22 

27 

34 

40 

14 

11 

39 

S3 

21 

27 

17 

26 

24 

14 

32 

65 

20 

14 

78 

57 

Geometric  Mean  28 

17 

100 

36 

40 

Temperatures  Minimum     _     Average    _ 
Maximum    

Notes 

Wood  is  dry  debarked  to  about  70%,  then  wet  drums  to  finish  (in  series).  New  PM  fall  1988. 


Proportion  wood  NOT  debarked  on  site:  % 


Miii  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  70% 

Proportion  wood  wet  debarked:  30% 

in-plant  effluent  control  measures 

Existing  effluent  treatment 

Primary:       33m  dia  Clarifier 

Secondary:  None.  Clarifier  attains  35%  BOD  reduction,  and  significant  toxicity  redn.  with  22  mg/l  alum  addition 
Recipient:    ST.  MARY'S  RIVER  Outfall:    In  Hydro-turbine  tailrace 

History 

The  mill  originally  produced  newsprint  from  sulphite  and  groundwood  pulps.  The  sulphite  pulping  operations  were  shut 
down  in  the  early  1980's  with  the  sulphite  pulp  being  replaced  with  purchased  bleached  kraft  pulp.  The  mill  currently 
produces  groundwood  specialty  papers. 


Septemben,  1991 


-18- 


St.  Marys 


Rspoit:  UIIIShMtC  22133 


Appendix  A 


N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Spruce  Falls  Power  and  Paper  Company  Ltd.,  Kapuskasing 


Milt  No:  25 


Product  Category:  Sulphite-Mechanical 
FAX:  705-337-9700 

Nominal  Pulp  Capacity 


Number  of  employees:  1200 
Phone:705-337-1311 


Nominal  Product  Capacity 

t/day 


Unbleached  Kraft 

0  t/day 

Market  Kraft 

0 

Bleached  Kraft 

0 

Newsprint 

1000 

Groundwood 

5O0 

Rne  Paper 

0 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

320 

Packaging 

0 

CTMP 

0 

Other 

0 

Ultra  Hi  Yield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

128 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (inc  waste) 

0 

Production  1990 

90th  per-    Average 

-centile 
Bleached  t/day 

Total  1096  983 


Summary  of  Effluent  Characteristics 

{based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 


Acute  Toxicity  Tests      (LC50  %) 


Row  cu  m/day  = 

93,346 

75,806 

TSS,  kg/day       = 

10,080 

7,900 

BOD,  kg/day      = 

40,204 

31,681 

AOX.  kg/day      = 

Row  cu  m/ton    = 

77 

Geometric  Mean  41 

Temperatures  Minimum     Average    

Maximum    

Notes 

Probable  reduction  or  termination  of  operations  announced  by  company  early  1991 
BOD  permitted  varies  with  river  conditions.  26-34  t/d.  daily  max  40.   1988  flow  est. 


1987 

1988 

1989 

1990 

1990 

TRCH/r 

TROUT 

TROUT 

TROUT 

OAPHNIA 

40 

35 

24 

5 

20 

47 

25 

10 

7 

23 

73 

13 

11 

52 

51 

12 

24 

17 

20 
28 

64 

61 

an  41 

30 

15 

12 

36 

Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  20% 

Proportion  wood  wet  debarked:  67% 

In-plant  effluent  control  measures 

Refer  to  history. 

Existing  effluent  treatment 

Primary:       Clarifiers 

Secondary:  None 

Recipient:    KAPUSKASING  RIVER 


Proportion  wood  NOT  debarked  on  site:  13% 


Outfall: 


IH I  Story 

The  mill  originally  produced  newsprint  from  groundwood  and  calcium-based  sulphite  pulps.  In  1964,  a  new  magnesium- 
based  sulphite  process  {Magnetite)  which  included  chemical  recovery  of  spent  pulping  liquors  was  installed.  In  1976,  a 
new  200  tonne/day  thermo-mechanical  pulp  mill  (TMP)  was  installed. 

In  1978  a  135  t/day  bleached  market  sulphite  operation  was  shut  down,  reducing  the  mill's  BOD  discharge  by  20  t/day. 
The  calcium  sulphite  operations  were  shut  down  in  1982. 
In  1981 ,  the  TMP  mill  was  expanded  to  300  t/day. 
Sanitary  sewage  collected  1982 
Clean  effluents  segregated  1981 
Second  primary  claritier  added  1982 
Magnetite  spill  system,  red  liquor  neutralisation  and  improved  rejects  installed  mid  1980's. 
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N,  McCubbin  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Domtar  Inc.,  Containerboard  Division,  Trenton 


Mill  No:  13 


Product  Category:  Cornjgating 
FAX:  613-392-3026 

Nominal  Pulp  Capacity 


Number  ol  employees:  140 
Ptione:  613-392-6505 


Nominai  Product  Capacity 

t/day 


Unbleached  Kraft 

0  t/day 

Market  Kraft 

0 

Bleached  Kraft 

0 

Newsprint 

0 

Groundwood 

0 

Fine  Paper 

0 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

0 

Packaging 

338 

CTMP 

0 

Other 

0 

Ultra  HI  Yield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

200 

De-inking 

0 

Other  pulp  (Inc  waste) 

156 

Production  1990 

90th  per-  Average 

-centile 
Bleached  t/day 

Totai  382  327 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990. 

goth  per-    Average 
-centile 
4,380  4,015 

928  574 

7,730  5,258 


Acute  Toxicity  Tests      (LC50  %) 


Row  cu  m/day 
TSS,  kg/day 
BOD.  kg/day 
AOX,  kg/day 
Row  cu  m/ton 


Temperatures  Minimum 
Maximum 


12 


23C  Average 
500 


1987 

1988 

1989 

1990 

1990 

"mOL/T 

TROUT 

THOUT 

TROUT 

DAPHNUV 

25 

13 

42 

100 

25 

50 

22 

63 

35 

4S 

26 

45 

25 

28 

X 

65 

20 

3S 

89 

32 

ir 

46 

G«ometric  Mean  29 

30 

29 

65 

460 


Notes 

Wood  mostly  roundwood,  washed  on  site,  but  not  debarked 

Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 


Proportion  wood  NOT  debarked  on  site:  100% 


In-plant  effluent  control  measures 

Extensive  recycle  of  white  water 

Existing  effluent  treatment 

Primary:       Basins  for  recycle 

Secondary:  Spent  liquor  disposal  by  road  spreading 

Recipient:    TRENT  RIVER,  BAY  OF  QUINTE,  LAKE  ONTARIO 


Outfall:    Submerged 


History 

Originally  the  mill  produced  soda  pulp  from  cereal  straws  but  in  1956  this  process  was  replaced  with  a  NSSC  process  for 
pulping  wood.  In  the  1970's  the  mill  was  modernized  and  the  NSSC  process  was  converted  to  sodium  carbonate  semi- 
chemical  pulping  which  eliminated  the  use  of  sulphur.  Spent  pulping  liquors  are  collected  and  made  available  for  use 
as  a  dust  suppressant.    The  mill  also  processes  recycled  waste  corrugating  medium  and  board. 
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BAT  Definition  Study,  Pulp  and  Paper  Sector 


MacMillan  Bloedel  Ltd.,  Sturgeon  Falls 

Product  Category:  Corrugating 
FAX:  705-753-4154 


Mill  No:  20 


Number  of  employees;  420 
Phone:  705-753-2170 


Nominal  Pulp  Cap. 

Bctty 

Nominal  Product  Capacity 

Unbleached  Kraft 

0  t/day 

Market  Krafi 

0  t/day 

Bleached  Kraft 

0 

Newsprint 

0 

Groundwood 

0 

Rne  Paper 

0 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

115 

Packaging 

0 

CTMP 

0 

Other 

355 

Ultra  Hi  Vield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

240 

De-inking 

0 

Other  pulp  (inc  waste) 

0 

Summary  of  Effluent  Ciiaracteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 

16,379  13,698 

4,212  2,633 

49,138  36,886 


Row  cu  m/day 
TSS.  kg/day 
BOD,  kg /day 
AOX,  kg/day 
Row  cu  m/ton 


Temperatures  Minimum 
Maximum 


50 


230  Average 
30C 


27C 


Production  1990 

90th  per-    Average 

-centile 
Bleached  t/day 

Total  301  274 


Acute  Toxicity  Tests      (LC50  %) 


1967 

1988 

1989 

1990 

1990 

TROUT 

TTOJT 

TROUT 

TROUT 

DAPHNIA 

10 

10 
6 
6 

4 
4 

13 

6 

5 

16 

11 

Geometric  Mean  10 


10 


Notes 

B0D5  limit  set  by  requirement  for  47%  oxygen  saturation  in 

Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 


river 


Proportion  wood  NOT  debarked  on  site:  100% 


In-plant  effluent  control  measures 
Existing  effluent  treatment 

Primary:       WW  to  flotation  clarifier 

Secondary:  Anaerobic  treatment  system,  (without  subsequent  aerobic  treatment) 

Recipient:    STURGEON  R.,  to  Uke  Nipissing.  Outfall:    Diffuser.  no  reports  of  foam  etc. 

History 

Mill  built  to  produce  market  pulp  in  1 898; 

The  mill  was  shut  down  in  1930.;ln  1946.  the  mill  was  reopened  and  subsequently  equipment  was  installed  to  produce 
hardboard  from  TMP  and  corrugating  medium  using  the  neutral  sulphite  semi-chemical  pulping  process.  Waste 
pulping  liquors  are  not  recovered,  but  an  anaerobic  treatment  system  was  installed  in  1989/90. 
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BAT  Definition  Study,  Pulp  and  Paper  Sector 


Beaver  Wood  Fibre  Company  Ltd.,  Thorold 


Mill  No:  05 


Product  Category:  Deinking/board/fine  paper 
FAX:  416-227-8120 


Number  of  employees:  160 
Phone:  416-227-6651 


Nominal  Pulp  Capacity 

Nominal  Product  Capacity 

Unbleached  Kraft 

0  t/day 

Market  Kraft 

0  t/day 

Bleached  Kraft 

0 

Newsprint 

0 

Groundwood 

0 

Rne  Paper 

0 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

0 

Packaging 

0 

CTMP 

0 

Other 

294 

Ultra  Hi  Yield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De-inkIng 

0 

Other  pulp  (inc  waste) 

0 

Production  1990 

90th  per-    Average 

-centile 
Bleached  t/day 

TotaJ  347  225 


Summary  of  Effiuent  Ciiaracteristics 

(based  on  first  six  months  of  1 990, 

90th  per-    Average 
•centile 


Acute  ToxicHy  Tests      (LC50  %) 


Flow  cu  m/day  = 

16,500 

15,121 

TSS,  kg/day       = 

969 

759 

BOD.  kg/day      = 

2.142 

1,753 

AOX.  kg/day       = 

Row  cu  m/ton    = 

67 

1987 

1988 

1989 

1990 

1990 

TROUT 

THOJT 

TROUT 

TROUT 

OAPHNIA 

100 

57 

100 

100 

100 

100 

100 

100 

100 

100 

10O 

100 
100 
100 
100 

51 

37 

100 

100 

snlOO 

83 

100 

100 

76 

Geometric  Mean  100 

Temperatures  Minimum      Average    

Maximum    

Notes 

No  debarking 

Furnish  is  100%  waste,  boxboard,  news,  and  blank  news.  Top  plies  all  blank  news.  Pulping  with  water  only,  no 
chemicals  except  for  sodium  hydrosulphite. 


Mili  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 


Proportion  wood  NOT  debarked  on  site:  % 


In-plant  effiuent  controi  measures 

Existing  effluent  treatment 

Primary:       Clarifier  (sludge  recycled  to  product)  &  spill  pond 

Secondary:  None 

Recipient:     BEAVEROAMS  CREEK  TO  12  MILE  CREEK.  L.  ONTARIO 


Outfall:    Surface 


History 

Prior  to  1976.  the  mill  produced  groundwood  pulp  and  purchased  market  pulp  and  waste  paper  products  to 
manufacture  newsprint  and  board.  The  mill  now  uses  100%  purchased  recycled  waste  paper  and  board  as  feedstock 
and  no  longer  manufactures  newsprint. 
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N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Domtar  Inc.,  Fine  Papers  Div.,  St.  Catharines 


Mill  No:  12 


Product  Category:  Deink/board/fine  paper 
FAX:  416-680-3274 

Nominal  Pulp  Capacity 


Number  of  employees:  300 
Phone:  416-680-3228 


Nominal  Product  Capacity 

t/day 


Unbleached  Kraft 

0  t/day 

Market  Kraft 

0 

Bleached  Kraft 

0 

Newsprint 

0 

Groundwood 

0 

Rne  Paper 

200 

Refiner  Qwd 

0 

Tissue 

0 

TMP 

0 

Packaging 

0 

CTMP 

6 

aher 

0 

Ultra  Hi  Yield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Vield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (inc  waste) 

0 

Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 

13,012  10.473 

564  423 

1,777  1,193 


Row  cu  m/day 
TSS,  kg /day 
BOD,  kg/day 
AOX.  kg/day 
Bow  cu  m/ton 


Temperatures  Minimum 
Maximum 


65 


18C  Average 
21 C 


19C 


Production  1990 

90th  par-  Average 

-centile 
Bleached  t/day 

Total  196  161 


Acute  Toxicity  Tests      (LC50  %) 


1987 

1988 

1989 

1990 

1990 

TROUT 

TROUT 

TROUT 

TROUT 

DAPHNIA 

100 

B3 

100 

74 

100 

100 

100 

100 

81 

100 

100 

100 

100 

100 

100 

100 

too 

55 

Geometric  MeanlOO 


95 


100 


90 


Notes 

No  debarking.  Secondary  fibre  Is  from  converter  waste,  and  is  NOT  chemically  processed.  Primary  sludge  to 
agriculatural  use  by  contractor,  about  $60/dry  ton. 


Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 


Proportion  wood  NOT  debarked  on  site:  % 


86 


In-plant  effluent  control  measures 

Savealls  for  white  water  and  fibre  recovery 

Existing  effluent  treatment 

Primary:       75  ft  dia  clarifier,  8-10  tpd  sludge  to  Niagara  Waste  for  mulch. 

Taster  screw  press. 
Secondary: 

None,  but  floc  aid  in  clarifier  reduces  BOD  25%. 
Recipient: 

Twelve  Mile  Creek  Outfall: 

History 

Today  the  mill  no  longer  produces  pulp  but  manufactures  fine  papers  from  purchased  pulps  and  recycled  clean  waste 
paper. 
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N,  McCubbin  Consultants  Inc. 


E.  B.  Eddy  Forest  Products  Ltd.,  Ottawa 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Mill  No:  15 


Product  Category:  Deink /board /fine  paper 
FAX:  613-782-2515 

Nominal  Pulp  Capacity 


Nunnber  of  employees:  600 
Phone:613-782-2641 


Nominal  Product  Capacity 

t/day 


Unbleached  Kraft 

0  t/day 

Market  Kraft 

0 

Bleached  Kraft 

0 

Newsprint 

0 

Groundwood 

0 

Rne  Paper 

170 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

0 

Packaging 

0 

CTMP 

0 

Other 

0 

Ultra  Hi  Yield  Sulphite 

0 

High  rield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  {inc  waste) 

0 

Production  1990 

90th  per-  Average 

-centile 
Bleached  t/day 

Total  234  166 


Summary  of  Effluent  Characteristics 


Acute  Toxicity  Tests      (LC50  %) 


{based  on  first  six  months  of  1990, 

1987 

1986 

1989 

1990 

1990 

90th  per- 

Average 

TROUT 

TROUT 

TFOUT 

TROUT 

DAPHNIA 

-centile 

100 

100 

55 

37 

Flow  cum/day  =      8,819 

7.599 

53 

100 

100 

45 

TSS,  kg/day       =         870 

560 

100 

44 

19 

BOD,  kg/day      =       1,661 

1,176 

45 

33 

AOX,  kg/day       = 

81 

100 

Row  cu  m/ton   = 

46 

100 

95 

Geometric  Mean  81 

100 

67 

46 

Temperatures  Minimum 

13C  Average    23C 

Maximum 

35C 

Notes 

No  toxicity  test  1989.   No  debarking 

Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 

In-plant  effluent  control  measures 

Existing  effluent  treatment 

Primary:       Clarifier,  with  flocullant  aids 

Secondary:  None 

Recipient;    OTTAWA  RIVER,  ST.  LAWRENCE  RfVER 


Proportion  wood  NOT  debarked  on  site:  % 


Outfall:    Submerged,  sometimes  bubbles  visible 


History 

In  1979,  the  paperboard  mill  was  shut  down  and  the  mill  currently  produces  fine  papers.  The  milt  management  is 
essentially  integrated  with  the  E.B.  Eddy  paper  mill  in  Hull.  Quebec  which  lies  across  the  Ottawa  River.  The  process 
waters  and  effluents  are  separate. 
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N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Noranda  Forest  Inc.,  Recycled  Papers,  Thorold 


Mill  No:  22 


Product  Category:  Deink/board/fine  paper 
FAX:  416-227-8919 

Nominal  Pulp  Capacity 


Number  of  employees:  625 
Phone:  416-227-5271 


Unbleached  Kraft 

Bleached  Kraft 

Groundwood 

Refiner  Gwd 

TMP 

CTMP 

Ultra  Hi  Yield  Sulphite 

High  Yield  Sulphite 

Low  Yield  Sulphite 

Semi  Chemical 

De-inking 

Other  pulp  (inc  waste) 


0  t/day 
0 
0 
0 
0 
0 
0 
0 
0 
0 
115 
0 


Nominal  Product  Capacity 


Market  Kraft 

Newsprint 

Rno  Paper 

Tissue 

Packaging 

Other 


0  t/day 
0 
320 
0 
0 
0 


Production  1990 

90th  per-  Average 

-centile 
Bleached  t/day 

Total  2B4  245 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 

Row  cu  m/day  =    23,239  20,775 

TSS, kg/day 

BOD.  kg/day      =      4.797  3,236 

AOX,  kg/day      = 

Row  cu  m/ton    = 


Acute  Toxicity  Tests      (LC50  %) 


Temperatures  Minimum 
Maximum 


es 


Average    


1987 

81 

16 

3 


Geometric  Mean  16 


i9se 

TOOUT 
7 
0 
0 
2 
28 
18 
3 


1989 

THCXJT 

47 
28 


36 


1990 
TPOUT 
29 
81 
18 
4 
11 

18 


1990 

DAPHNIA 

57 

100 

22 

7 

17 

27 


Notes 

Ontario  reports  LC50  24-39% 

No  debarking.  Toxicity  apparently  due  to  residual  chlorine  from  bleaching  (CH  sequence).  Mill  feels  reducing  O  with 

Sodium  metabisulphite  will  raise  LC50  to  100%,  CI  residual  can  be  up  to  25  ppm  winter  to  3  in  summer. 

Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 

Digester  type  (chemical  pulp  only): 
Pulp  Washing  saltcake  loss,  line  t.  kg/t  pulp: 
Pulp  Washing  saltcake  loss,  line  2,  kg/t  pulp: 
Pulp  Washing  saltcake  loss,  line  3,  kg/t  pulp: 

Bleach  sequence  (s) 

In-plant  effluent  control  measures 

Existing  effluent  treatment 

Primary:       Clarifier  for  all  effluent,  including  activated  sludge  system  discharge. 

Secondary:  Activated  sludge  system,  for  deink  washing  filtrate  only 

Recipient:    Twelve  Mile  Creek  Outfall:    Into  underground  section  of  Canal 

History 

The  mill  manufactures  fine  papers  from  deinked  recycled  waste  paper  and  purchased  pulps.     In  the  1970's,  the  mill 
installed  a  high  rate  biological  oxidation  system  to  treat  the  effluent  from  the  washers  in  the  deinking  plant. 


Proportion  wood  NOT  debarked  on  site:  % 


Typical  Kappa      0, 


Chlorine  dioxide  substitution: 
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N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Kimberly-Clark  Canada  Inc.,  St.  Catharines 


Mill  No:  18 


Product  Category:  Deink /board /line  paper 
FAX:  416-227-1899 

Nominal  Pulp  Capacity 

Unbleached  Kraft  0  t/day 

Bleached  Kraft  0 

Groundwood  0 

Refiner  Gwd  0 

TMP  0 

CTMP  0 

Ultra  Hi  Yield  Sulphite  0 

High  Yield  Sulphite  0 

Low  Yield  Sulphite  0 

Semi  Chemical  0 

De-ink(ng  0 

Other  putp  (Inc  waste)  0 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 
8,990  7,736 

102  59 

538  324 


Number  of  employees:  200 
Phone:416-227-1161 


Nominal  Product  Capacity 

t/day 


Market  Kraft 

0 

Newsprint 

0 

Fine  Paper 

20 

Tissue 

60 

Packaging 

0 

Other 

40 

Production  1990 

90th  per-  Average 

-centile 
Bleached  t/day 

Total  114  108 


Acute  Toxicity  Tests      (LC50  %) 


Row  cu  m/day 
TSS,  kg/day 
BOD,  kg/day 
AOX.  kg/day 
Flow  cu  m/ton 


72 


1987 

1988 

1989 

1990 

1990 

TROUT 

TROUT 

TROUT 

TROUT 

DAPHNIA 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 
100 

too 

100 

100 
100 
100 
100 

Geometric  Mean  100        100        100 


100 


100 


Temperatures  Minimum 

Maximum 


140  Average 
320 


200 


Notes 

Secondary  fibre,  making  towelling 

Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 

In-ptant  effluent  control  measures 
Existing  effluent  treatment 

Primary:        106  ft  dia  clarlfier  and  two  settling  ponds. 

Secondary:  None 

Recipient:    Twelve  Mile  Creek 


Proportion  wood  NOT  debarked  on  site:  % 


Outfall:    Surface.  Cleaner  than  recipient  at  visit 


History  . 

The  mill  was  constructed  as  a  groundwood  mill.    The  mill  now  uses  purchased  pulps  to  produce  tissue,  crepe  paper  and 

fine  paper  products. 
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N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Kimberly-Clark  Canada  Inc.,  Huntsville 


Mill  No:  17 


Product  Category:  Deink/board/fine  paper 
FAX  705-789-1291 

Nominal  Pulp  Capacity 


Nuniber  of  employees:  250 
Phone:  705-789-4487 


Unbleached  Kraft 

0  t/day 

Bleached  Kraft 

0 

Ground  wood 

0 

Refiner  Gwd 

0 

TMP 

0 

CTMP 

0 

Ultra  Hi  Yield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (inc  waste] 

0 

Nominal  Product  Capacity 

Market  Kraft  0  t/day 

Newsprint  0 

Fine  Paper  0 

Tissue  0 

Packaging  0 

Other  92 


Summary  of  Effluent  Characteristics 

[based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 
Row  cu  m/day  =       1 .482  878 

TSS,  kg/day       =8  5 

BOD,  kg/day      =4  3 

AOX.  kg/day       = 
Row  cu  m/ton    =  9 


Temperatures  Minimum       6C  Average 
Maximum     13C 


90 


Production  1990 

90th  per-    Average 

-centile 
Bleached  t/day 

Total  118  100 


Acute  Toxicity  Tests      (LC50  %} 


1987       1988       1989 

TROUT       TROJT       TfOUT 

100    100 

100    100 

100 


1990  1990 

TROUT  DAPHNIA 

100  100 

100  too 

100  100 


Geometric  Mean  100        100 


100 


100 


Notes 

No  toxicity  test  1989.  COD  limit  .8  TPD,  P  iimit.3  kg/d.  Disposal  by  Irrigation 
TSS  0.003  t/dy,  BOD  0.05  t/dy. 


Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 


Proportion  wood  NOT  debarked  on  site:  % 


In-plant  effluent  control  measures 
Existing  effluent  treatment 

Primary;       Clarifier  w/  80%  recycle  -  20%  to  settling  baston 

Secondary:  ASB,  Percolating  beds  (winter)  and  spray  irrigation  on  forest  land  (summer)  as  tertiary  treatment. 

Recipient:    Big  East  River  Outfall:    Underwater 

History 

The  mill  uses  purchased  bleached  kratt  pulp  to  manufacture  tissue.  It  Is  the  largest  tissue  mill  in  Canada. 
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BAT  Definition  Study.  Pulp  and  Paper  Sector 


Trent  Valley,  Paperboard  Industries  Corp.,  Trenton 


Mill  No:  27 


Product  Category:  Deink/board/fine  papef 
FAX:  613-392-2485 

Nominal  Pulp  Capacity 


Number  of  employees:  279 
Phone:  613-392-1231 


Nominal  Product  Capacity 


Unbleached  Kraft 

0 

t/day 

r^arket  Kraft 

0  t/day 

Bleached  Kraft 

0 

Newsprint 

0 

Groundwood 

0 

Rne  Paper 

0 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

0 

Packaging 

325 

CTMP 

0 

Other 

0 

Ultra  Hi  Yield  Sulphite 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (inc  waste) 

0 

Production  1990 

90th  per-  Average 

-centile 
Bleached  t/day 

Total  342  305 


Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 
4,265  3,659 

918  514 

1,970  1.517 


Acute  Toxicity  Tests      (LC50  %) 


Flow  cu  m/day 
TSS,  kg/day 
BOD,  kg/day 
AOX,  kg /day 
Row  cu  m/ton 


Temperatures  Minimum 

Maximum 


12 


IOC  Average 
35C 


Geometric  Mean  48 


187 

1968 

1989 

1990 

1990 

xrr 

TFOJT 

TROUT 

TROUT 

DAPHNIA 

51 

7 

7 

90 

65 

52 

47 

100 

42 

100 

35 

24 

66 

100 

78 

65 

51 

100 

100 

100 

53 

100 

100 

100 

21 

66 

100 

52 

48 

25 

56 

85 

80 

23C 


Notes 

TSS  requirement  is  140  kg/d 
1989  IMIS  data  shows  .5kg  Phosphorus/day. 

Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 


Proportion  wood  NOT  debarked  on  site:  % 


in-piant  effluent  control  measures 

Existing  effluent  treatment 

Primary:       Clarifier  (flotation)  (2) 

Secondary:  None 

Recipient:    TRENT  RIVER,  BAY  OF  QUINTE,  LAKE  ONTARIO 


Outfall:    Submerged 


History 

The  mill  is  made  up  of  two  separate  mills,  the  east  and  west  mills.  The  east  mill,  constructed  in  1880,  originally  used 
straw  and  rags  to  make  paperboard  but  today  uses  recycled  wastepaper  and  board.  In  1976,  the  west  mill  was  built  and 
incorporated  modern-day  recycling  and  screening  technologies  into  its  manufacturing  operations, 
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BAT  Definition  Study.  Pulp  and  Paper  Sector 


Strathcona  Paper  Company,  Napanee 


Mill  No:  28 


Product  Category:  Dei nk/board /fine  paper 
FAX:  613-378-6158 

Nominal  Pulp  Capacity 


Number  of  employees:  160 
Phone:613-378-6672 


Nominal  Product  Capacity 

t/day 


Unbleached  Kraft 

0  t/day 

Market  Kraft 

0 

Bleached  Kraft 

0 

Newsprint 

0 

Groundwood 

0 

Fine  Paper 

0 

Refiner  Gwd 

0 

Tissue 

0 

TMP 

0 

Packaging 

170 

CTMP 

0 

Other 

168 

Ultra  Hi  Yield  Sulphhe 

0 

High  Yield  Sulphite 

0 

Low  Yield  Sulphite 

0 

Semi  Chemical 

0 

De-inking 

0 

Other  pulp  (inc  waste) 

0 

Summary  of  Effluent  Characteristics 

(based  on  first  six  months  of  1990, 

90th  per-    Average 
-centile 
4,519  3,869 

380  243 

1,004  608 


Row  cu  m/day 
TSS,  kg/day 
BOD,  kg/day 
AOX,  kg/day 
Row  cu  m/lon 


Temperatures  Minimum 

Maximum 


22 


1C  Average 
26C 


130 


Production  1990 

90th  per-    Average 

-centile 
Bleached  t/day 

Total  217  178 


Acute  Toxicity  Tests      (LC50  %) 


1987 

1986 

1989 

1990 

1990 

TTWl/T 

TnOLfT 

TROUT 

TROUT 

OAPHNIA 

100 

100 

100 

100 

40 

63 

100 

50 

100 

100 

61 

100 
100 

87 

too 

100 

Geometric  Mean 

100 

74 

00 

Notes 

No  debarking.  Allowable  BOD  discharge  depends  on  flow.  Mill  complied  100%  in  1988. 


Mill  Processes 

Wood  supply: 

Proportion  wood  dry  debarked:  % 

Proportion  wood  wet  debarked:  % 


Proportion  wood  NOT  debarked  on  site:  % 


In-plant  effluent  control  measures 
Existing  effluent  treatment 

Primary:        Rotation  Claritier  and  Settling  Basins 

Secondary:  Aerated  basins  (13  days  retention  w/  67  kw  aeration). 

Recipient:    NAPANEE  RIVER.  BAY  OF  QUINTE,  LAKE  ONTARIO 


Outfall:    Submerged,  not  visible  at  visit 


History 

The  mill  initially  used  neighbouring  forests  as  a  source  of  wood.    The  mill  no  longer  pulps  wood  but  now  uses  clean 
recycled  waste  paper  and  board  as  its  source  of  fibre. 
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BAT  Definition  Study,  Pulp  and  Paper  Sector 


Append  ix   B 
Ontario   Mill   Effluents   in   1990 


The  data  collected  in  the  1990  MISA  monitoring  program  (MISA  1991)  were  the  principal  source  of 
information  on  existing  mill  effluent  characteristics  for  this  report.  Summaries  that  were  prepared 
to  assist  in  analyzing  the  applicability  of  the  various  effluent  control  technologies  are  reproduced 
on  the  following  pages.  The  data  was  obtained  from  the  MISA  office  in  February  1991.  and  reflects 
the  available  corrections  until  April  16th  1991.  This  should  not  be  considered  as  an  authorized 
release  of  the  data,  but  simply  a  convenient  summary  of  certain  aspects,  in  the  form  that  was 
required  for  preparation  of  this  report. 

The  data  concerning  each  mill  are  presented  in  the  same  order  as  used  elsewhere  in  this  report, 
and  In  many  MISA  reports,  as  follows: 


Kraft  Sub-sector 

Boise  Cascade  Canada  Ltd. 
Canadian  Pacific  Forest  Products  Ltd. 
Canadian  Pacific  Forest  Products  Ltd. 
Domtar  Inc.,  Fine  Papers  Div. 
Domtar  Inc.,  Containerboard  Division 
E.B.  Eddy  Forest  Products  Ltd. 
James  River-Marathon  Ltd. 
Kimberly-Clark  Canada  Inc. 
Malette  Kraft  Pulp  and  Paper  Co. 

Sulphite-Mechanical  Sut>-sector 

Abitibi-Price  Inc.,  Thunder  Bay  Div. 

Abitibi-Price  Inc.,  Fort  William  Div. 

Abitibi-Price  Inc.,  Provincial  Papers  Div. 

Abitibi-Price  Inc.,  Iroquois  Falls  Div. 

Boise  Cascade  Canada  Ltd. 

Quebec  and  Ontario  Paper  Company  Ltd. 

St.  Marys  Paper  Inc. 

Spruce  Falls  Power  and  Paper  Company  Ltd. 

Corrugating  Sub-sector 

Domtar  Inc.,  Containerboard  Division 
MacMillan  Bloedel  Ltd. 


Fort  Frances 
Dryden 
Thunder  Bay 
Cornwall 
Red  Rock 
Espanola 
Marathon 
Terrace  Bay 
Smooth  Rock  Falls 


Thunder  Bay 

Thunder  Bay 

Thunder  Bay 

Iroquois  Falls 

Kenora 

Thorold 

Sault  Ste.  Marie 

Kapuskasing 


Trenton 

Sturgeon  Falls 


Deinking-Board-Fine  Papers-Tissue  Sub-sector 

Beaver  Wood  Fibre  Company  Ltd.                         Thorold 
Domtar  Inc.,  Fine  Papers  Div.  St.  Catharines 

E.  B.  Eddy  Forest  Products  Ltd.  Onawa 

Noranda  Forest  Inc.,  Recycled  Papers                  Thorold 
Kimberly-Clark  Canada  Inc.  St.  Catharines 

Kimberly-Clark  Canada  Inc.  Huntsville 

Trent  Valley,  Paperboard  Industries  Corporation  Trenton 
Strathcona  Paper  Company Napanee 


Page 
2 

7 

12 

17 

22 

27 

32 

37 

42 


48 
53 
58 
63 
68 
73 
78 
83 


89 
94 


100 
105 
110 
115 
120 
125 
130 
135 


Sftptvmben,  tggi. 
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Kraft  Sub-sector 

Page 

Boise  Cascade  Canada  Ltd.  Fort  Frances  2 

Canadian  Pacific  Forest  Products  Ltd.  Dryden  7 

Canadian  Pacific  Forest  Products  Ltd.  Thunder  Bay  12 

Domtar  inc.,  Fine  Papers  Div.  Cornwali  17 

Domtar  Inc.,  Containerboard  Division  Red  Rock  22 

E.B.  Eddy  Forest  Products  Ltd.  Esi^anola  27 

James  River-Ma ratlion  Ltd.  Marathon  32 

Kimber1y-Ciari(  Canada  Inc.  Terrace  Bay  37 

Malette  Kraft  Pulp  and  Paper  Co.  Smooth  Rock  Falls  42 
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N.  McCt±bin  ConsHjats  Inc. 


BAT  Delinilion  Study.  Pu^a  and  Paper  Sedor 


Tab!*  lb.  Halog>n*Hd  volitll««  (ATG16)-  Bol»«  C«»c«d»  Canada  ltd.  (FoM  Ft«nc»i).  (D«f:  t-5-1flai).      

Company.  0000870105  Chloro-  Chloro-  Bromo-  Bromodi-  Dichloro-       1,1-DicMoro-    1,2-Dichloro-    1,1-Dichtofo- 

Cnirpl    01    81. Prod     Daity  Ikjw  meihane  elhylene  methane     rtiloromalhanc      melhane  ethane  ethane 

T/day  m3/day  mgflonne         mg/lonfw         mg/tonne         mg/lonne         mg/tonn«         mg/lonne         mg/tonne 


ethylene 
mg/ionne 


Jan/go 

516 

84.212 

FatVSO 

516 

79,039 

Mar/90 

516 

76,760 

Apr/so 

516 

78,486 

May /BO 

516 

75.708 

Jijn/90 

516 

62.466 

42.277 


Company.  0000670105  lrans-l,2-0i-    1,2-Dichioro-      cis-1.3-Di-      trans-1,3-Di- 
Cnlr.pt    01     Bl  Prod      Daily  floMu      :hlorosihylene       propane      :hlofoprooylen':h)Dropropyl8n< 
T/day          m3/day  mgflonne         mgAonne         mq/tonne         mR/tonna 


Jan/90 

516 

84.212 

F8b/90 

516 

79,039 

Mar/90 

516 

76.760 

Apr/90 

516 

78.488 

Uay/90 

516 

75,708 

Jun/90 

516 

82.468 

Dibromo- 

Trichloro- 

Dibromo- 

ethylene 

methane     - 

hloromethane 

mg/ionne 

mg/lonne 

mq/lonne 

196.462 

. 

- 

108.908 

- 

*, 

57,421 

- 

- 

72.860 

- 

- 

65.731 

- 

. 

119  866 

, 

Tribromo-  1 ,1.2-Tri- 

methane      ctiloroethane 
mg/tonne         mg^lonrw 


Company  0000670105  Ttichloro-         Trifluoro-        Tetrachlofo-    l.l.2,2-Teira-    Tetrachloro-         Chloro-        1,2-Dichloro-    1,3-Dichloro-    1,4-Dichlor{>- 
Cntr  pt    01    Bl  Prod     Daily  flow  ethylene        chio.om»th«n«         methane       chloroethane       ethylene  benzene  benzene  benzene  benzene 
T/day          m3/day          mg/lonne         mg/lonne         mg/tonne         mg/tonrw         mg/ionne         mg/ionne         mgAonne         mg/tonne         mg/ionna 


Jan/90 

516 

64,212 

Feb/go 

516 

79,039 

Mar/90 

516 

76,760 

Apr/go 

516 

78,488 

May/90 

516 

75.708 

516 

82  468 

400 


Tabia  2b.  Nonhaloganated  volatllaa  (ATG17).  Boise  Caacada  Canada  Hd.  [Fort  Francea).  (Data:  8-5-1991). 

Company  0000670105 

Cntr.pt :  01  Prod            Daily  llow  Slyrene  Benzene        m,p-Xylene        o-Xy(ene  Toluene 
T/day m3/day mg/lonne          mg/tonne          mgflonne          mg/tonne          mg/tonne 

Date 

Jan/90  924  84.212  -  109  3263 
F9b/S0  1 ,070  79.039  ....  620 
Mar«0  1,094  76,760  -  -  -  -  435 
Apr/90  686  78,488  -  -  -  -  1887 
May/90  935  75,708  162  324  81  -  1943 
Jun/90  1 .078  82,468  -  -  115  - 444 


labia 

Bb. InorganlCB 

{ATG 

3, 

4, 

«i' 

& 

15).  Bolaa  Cascada  Canada  Ltd,  (Fort 

Francaa). 

(D 

ita:  B-5- 

199 

»■ 

Company  0000870105 

Cntr  pi 

01  Prod            Av 

flow 

PH 

Conductiviiy 

NH3  +  NH4 

N02*N03 

Toial-N 

Totat-P 

Sulphide 

T/day          m3/day 

ys/cm 

q/tonne 

g/lonne 

g/lonne 

gAonne 

g/tonne 

Date 

Jan/90 

852 

77,853 

6  9 

1587 

29 

23 

604 

149 

17 

Feb/go 

1,070 

77,866 

67 

1662 

18 

19 

533 

141 

16 

Mar/90 

1,094 

76,111 

68 

1676 

2 

7 

434 

104 

3 

Apr/90 

838 

71 ,696 

6  9 

1620 

1 

16 

647 

145 

19 

May/90 

891 

77,617 

6  6 

1619 

7 

19 

1152 

175 

9 

Jun/90 

1.078 

82,558 

6  8 

1622 

6 

13 

844 

134 

23 

Tsbia  10b.  Group  and  unapaclfic  variables 

(ATG  1,  5, 

8.  PP1-3) 

Bolaa  Caacada  Canada 

Lid.  (Fort  Fiancaa).  (Data:  8-5-1991). 

Company  0000870105 

Cntr  pi,,  01  Prod             Bl  Prod                Av   How 

B0D5 

AOX 

COD                 DOC 

TOC                 TSS             COD/AOX        COD/BOD 

T/day          T/day                m3/ionne 

Kq/lonne 

Kq/lonne 

Kq/lonne         Kq/lonne 

Kq/!onne          Kg/lonne 

Dale 

Jtm/BO 

852 

516 

91  37 

16  1 

42 

74  1 

Feb/90 

1,070 

516 

72  80 

8  9 

5  0 

50  3 

Mar/90 

1.094 

516 

69  56 

6  4 

4  6 

44  4 

Apf/90 

838 

516 

85.57 

9.5 

33 

54  6 

May/90 

891 

516 

87,12 

11,6 

4,1 

64  6 

Jun/90 

1.078 

516 

76  60 

9  6 

3  0 

55  6 

31sl  May  1991 

-2 

n.9 

17.B 

4  6 

8,8 

W.1 

5  7 

7,3 

9.7 

6  9 

9.8 

16.6 

56 

14:9 

15.7 

5.6 

14  3 

188 

5  8 

Minoe 


U.  McCUbbn  CofiBulanls  Inc. 


BAT  Detinaion  Siudy.  Pu|p  and  Paper  Sedor 


T«bl»  3b.  EilfCfbU  bB»»  nautralt  (ATG19).  BqIb«  C««c»d»  C«n»d«  Ltd.  (Foft  Frincaa).  (Dafi  8-5-1991). 

Company  0000870105  l-Mothyl-  2-Methyl-  1-Chk)ro-  2-Chk)ro-  Benz[a]-  Dibenz[a] 
Cntr.pi  01  Prod  Dally  fkjw  Naphlhalene  naphihalons  naphthalana  naphrhalene  naphthalan*  Anthracene  anthracene  anlhracona 
T/day          m3/day irigflonne         mg/tonne         mg/tonrw         mfl/tonne         mg/tonna 


ng/ionne         mg/ionne 


fig/lonne 


Date 

Jan/90 

924 

84,212 

Feb/90 

1,070 

79,039 

Uar/90 

1,094 

79,562 

Apf/90 

S86 

78,486 

May/90 

935 

75,708 

Jun/90 

1,076 

82,468 

Company:  O0D06701OS 

Phenan- 

Acenaph- 

Acanaph- 

5-Nilfo-aca- 

Fliwr- 

Benz[b]- 

Benz[k] 

Cnlr.pt :  01  Prod            Daity  (low 

threne 

ihena 

ihylene 

naphlhene 

Chrysene 

anthene 

tluoran  thane 

Huoranthene 

Fluorene 

T/day          m3/day 

mfl/tonna 

mg/tonne 

mg/lon'V 

mg/lonne 

mg/tonne 

mg/ionne 

mg/tonne 

mgAonne 

mg/tonne 

Date 
Jan/90 
F»b/90 
Mar/go 
Apf/90 
May/90 
Jun/90 


924 

1,070 

1.094 

B86 

935 

1,078 


84,212 
79,039 
79,562 
78,488 
75,708 
82,468 


Company  0000870105 

Benzla]- 

id«no(i  .2,3-cd 

Benz[g.h,i]- 

Cntrpt  ■  OlPfod            Daily  Itow 

Pyrene 

pyrene 

pyrena 

Perylene 

perylene 

Indole 

Camphene 

T/dav          m3/dav 

mg/tonne 

mg/tonne 

mg/tonne 

mg/tonne 

mg/tonne 

mg/tonne 

mg/tonne 

Date 
Jan/90 
Feb/90 
Mar/90 
Apr/90 
May/90 
Jun/90 


924 

1,070 

1.094 

886 

935 

1,078 


84,212 
79.039 
79.562 
78,488 
75,708 
82,468 


177 


7747 
1551 

ssa 

762 

1174 
337 


Company  0000870105 

000 

4-Chloro- 

2-Chloro- 

2,4-Dhchloro- 

Cntr  pt    01      Prod. 

BIProd 

Dally  How 

Phenol 

m-CreEOi 

O'Cresol 

p-Cresol 

2.4-xylenol 

m-cresol 

phenot 

phenol 

T/dav 

T/day 

m3/day 

mg/lonne 

mpAome 

mg/lonne 

mfl/tonne 

ma/tonne 

mq/tonn© 

mq/tonne 

mq/tonne 

Date 

Jan/90 

852 

FBb/90 

1,070 

Mar/90 

1,094 

Apr/90 

838 

M8y/90 

891 

Jun/90 

1,078 

516 
516 
516 
516 
516 
516 


64,212 
79,039 
79,562 
78.468 
75,708 
82,468 


2069 

400 


961 


873 

749 

1,015 

712 


349 


44 


636 

1.249 
606 
792 
559 


Company  0000870105 
Cntrpt :  01      Prod 


2,6-Dichloro-       2.3.4.Tfi- 


2,3.5-Tri-  2,4, 5- In-  2,4,6-Tri-      2,3.4,5-Tetra- 2.3.4 .6-Tetra.  2,3,5,6-TBtra- 


Bl  Prod        Dally  tkm 


phenol         chlofophenol    chlorophenol   chlorophenol    chlorophenol    chlorophenol    chlorophenol    chlorophenol 


T/day T/day m3/day mg/ionne         mg/lomw         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne 


Date 

Jan/90 

852 

516 

84.212 

Feb/90 

1,070 

516 

79,039 

Mar/90 

1,094 

516 

79.562 

Apf/90 

838 

516 

78,486 

May/90 

891 

516 

75,708 

Jun/90 

1,078 

516 

82,468 

1  838 


1,028 

963 

1.795 

- 

1.838 

3,370 

- 

- 

2.330 

1,445 

- 

. 

836 

- 

. 

1.055 

. 

,. 

107 


308 


Company:  0000870105 

Pema- 

4-Nilro- 

2,4-Dinilro- 

Cntr.pi.  01      Prod 

BIProd 

DaJly  tlow 

chloropheno' 

phenol 

pherwl 

T/day 

T/day 

m3/day 

mg/lonne 

mg/lonne 

mfl/tonne 

Dale 

JarV90 

852 

616 

84,212 

FetV90 

1.070 

518 

79.039 

Mar/90 

1,094 

516 

79,562 

Apr/90 

838 

516 

78,488 

Uay/90 

891 

516 

75,708 

Jijn/90 

1.078 

516 

82,468 

26 


3181  May  1991 
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N-  McCU±«n  ConsiJarts  Inc. 


BAT  Definftion  Sludv.  Pu^  and  Paper  Sedor 


Tabl»  5b.  Chlortnalad.  n»mral»  (ATG(23).  Bol»  Ca»cad>  Canada  Ltd.  (Fort  Franc**).  {Data;  »-5-1flfl1). 

Company:  0000870105  Hexachloro-  Hexachloro-  Hexachloro-  1 ,2,3-Trichlorol  ,2,4-Trichloro>,4,5-Tr«;lilofO- 1 ,2.3,4-T©lra- 1 ,2,3,5-Tetfa- 
Cntr  pt  01  Bl  Prod  Daily  IkMt  ethane  buiadtene  yclopenladisn  benzene  benzene  toluene  ::riiorobenzene::hlorobenzene 
T/day          m3/day          mg/tonne  mg/lonne         mg/lonne         mg/lonne         mfl/tonne         mg/tonne         mg/tonne         mfl/ionne 


11-9 


Date 

Jan/90 

516 

84.212 

13  1 

Feb«0 

518 

79.039 

21 .0 

Mar/go 

516 

79,562 

- 

Apr/90 

516 

78,488 

- 

May/90 

516 

75,708 

- 

Jun/90 

516 

82,468 

. 

1.5 


173 

135  5 

70.5 

15  7 

38  5 

52.7 

94.1 

24.8 

165  4 

20.2 

S.2 

468.7 

- 

37  3 

- 

2.3 

ee.e 

- 

157 

- 

1.5 

. 

- 

- 

- 

132  5 


17.7 


Company  0000870105 

l,Z.4.S-T«lra- 

P*ntai- 

H<H- 

Ociachlofo- 

Cnif  pt.   01 

Bl.Prod 

Daily  (kiw 

ctilDrob*n2*n« 

cf>lDro6*nz>n* 

chkirob*ni*n« 

slyrene 

T/dav 

m3/dav 

mg/Ionne 

mg/ionne 

mg/lonne 

mg/tonne 

Dale 

Jan/go 

516 

84.212 

- 

13.7 

4t  5 

3.9 

Feb/90 

516 

79,039 

- 

105  4 

224 

. 

Mary90 

516 

79,562 

- 

. 

. 

Apr/90 

516 

78,488 

17  5 

33  0 

146 

6.2 

May/90 

516 

75.706 

- 

18  5 

- 

- 

Jun/90 

516 

82,468 

80 

168 

Tabic  «b.  Chlorinated  dioxina 

dibeniofuranas  and  PCB 

a  (ATG(23) 

Bolaa  Caacad*  Canada  Ltd.  (Fort 

Franoea). 

Company  0000870105 

2,3,7.8-               Total 

Total 

Toial               Total               Total 

Total 

Total 

Cnir  pt    01    Bl  Prod     Daily  llow 

TCDD                TCOD 

TCDF 

PCDD                 PCDF                HxCDO 

HxCDF 

HpCDD 

T/day         m3/dav 

pglonne           i;gtonne 

tigionne 

MQtonne           ggtonne           tjgtonne 

uatonne 

ggtonne 

Dale 

Jan/9  0 

516 

84,212 

Feb/90 

516 

79.039 

Mar/90 

516 

79,562 

Apr/90 

516 

78,488 

May/90 

516 

75,708 

Jun/90 

516 

62.468 

8.2 

14v8 
67  5 
32  0 


Company  0000870105 

Total 

Total 

Cntr  pt.  01    Bl  Prod     Daily  flow 

HpCOF 

OCDD 

OCDF 

PCB-s 

T/dav          m3/day 

ug/tonne 

ug/tonne 

Ijg/tonne 

ug/lonne 

Date 

Jan/90 

516 

84,212 

Feb/90 

516 

79,039 

Mar/9a 

516 

79,562 

Apr/90 

516 

78,488 

May/90 

516 

75,706 

Jun/90 

516 

82,468 

4  7 
6  9 


Table  7b. 

Fatty  and 

raaln  acldt  (ATG  26). 

Bolae 

Caacade  Canada 

Lid.  {Fort  F 

rancas).  (Data:  B-5 

-1B91 

)■ 

Company  0000870105 

0  0 

OJe 

c 

Pimaric 

Abieiic 

Dehydfo- 

Isopimanc 

Levopimafic 

Neoabiatic 

Cntr  pi    01 

Prod 

Bl  Prod 

Daily  flow 

acid 

acid 

acid 

abietfc  ac<d 

acid 

acid 

acid 

T/day 

T/day 

m3/day 

ij/lon 

ne 

grtonne 

gAonne 

g/tonne 

g/tonne 

qflonne 

q/tonne 

Dale 
Jan/90 

852 

516 

84212  0 

06 

1  7 

1  0 

7019  0 

2  1 

0.5 

0.5 

FeW90 

1.070 

516 

79039  0 

1  3 

08 

37 

1  5 

06 

, 

Mar/go 

1.094 

516 

79562  0 

6.5 

36 

. 

22.3 

29 

. 

O.B 

Apr/90 

838 

516 

76488  0 

27  4 

2  1 

. 

45  8 

1  9 

, 

. 

May/90 

891 

516 

75708  0 

24  0 

15  7 

14  0 

24  7 

31  3 

. 

0  9 

Jun/30 

1,078 

516 

82466  0 

18.7 

79 

06 

19  3 

8  5 

2.6 

0  7 

Company  0000670105 
Cnirpt    01      Prod  81  Prod 
T/day  T/day 


Date 

Jan/go 

652 

Feb/90 

1,070 

Mar/90 

1,094 

Apr/go 

838 

May /go 

891 

Jun/90 

1.07B 

Chtorodehydro  iichtorodehydrt    Total  resin        Total  resin        Tolal  resin 
Daily  tkm        abietic  acid      abiotic  ac»d           acids               acids                acids 
m3/day g/tonne g/tonr^e g/tonne Kg /day mg/t 


516 
516 
516 
516 
516 
516 


84212  0 
79039  0 
79562  0 
78486  0 
75708  0 
82468  D 


4  0 
11  7 
20  8 
39  9 
11  3 


3360  0 
28 
22  2 
26  3 
29  9 
24  1 


Values  tor  dehydroabietic  actd  and  dtchlorodehydroabiBtic  acid  are  monlhly  averages 


7024  7 

65 

35  3 

626 

109  7 

45  0 


5985 
9 
39 
52 
98 
49 


71  07 
0  11 
0  49 

0  67 

1  29 
0  59 


31 8l  May  1991 
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N.  McCJaan  Coosdtente  Inc. 
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T«bl«  lb. 

MsiBl*  (ATG  9  t12) 

Bolat  Cascads  Canada  Ltd.  (Fort  Francta).  (Data:  B-5-1SS1). 

Company 

00008701 C 

Prod          OoJIy  flow 

Bwylium         AlumMum          Copper               Zmk             Chromium            Nickel 

Motybdenum 

Cobaii 

T/day         m3/dav 

g/lonne            g/ionne            g/lonne            g/tonne            g/lonne            g/lonna 

g/lonne 

g/torne 

Date 

Jan /SO 

852 

84.212 

- 

108 

12 

15.1 

. 

. 

. 

FebAO 

1.070 

79,039 

- 

107 

19 

13  1 

0.7 

. 

1.5 

. 

Mar/go 

1.094 

79,562 

- 

68 

15 

13.1 

0.4 

. 

1.4 

. 

Apr/90 

83S 

78,486 

0.19 

70 

2  3 

13  7 

0.8 

0-9 

1,4 

- 

May/90 

891 

75,708 

0  46 

107 

2.2 

15,6 

1.3 

08 

1.5 

- 

Jun/90 

1,078 

82.468 

0.15 

111 

18 

140 

07 

- 

1.6 

Company 

00008701 C 

Prod 

Daily  (low 

Vanadium 

SiFver 

Lead 

Cadmium 

Thallium 

Mercery 

T/day 

m3/dav 

p/lonne 

g/lonne 

gAonnct 

g/ionne 

g/tonne 

g/tonne 

Oaie 

Jan/80 

652 

84.212 

. 

FetVSO 

1,070 

79.039 

- 

Mar/90 

1.094 

79.562 

0.4 

Apr/90 

636 

78.468 

04 

May/90 

891 

75,708 

0  4 

Jun/90 

1,078 

82,468 

04 

0.3 


0.15 


2,22 
2  18 

1  67 
2.55 

2  30 


000 
000 


Values  lor  aluminium  and  2ink  are  monthly  avsfageG 


31st  May  1991 


-S- 


MJHOe 


Average  flow,  Production  and  Conductivity  data  from  Boise  Cascade  Canada  Ltd.  (Fort  Frances). 

Control  point  0100  (12-5-1991). 
m^/day        t/day  ps/cm 

100000    -r  1500  r4000 


80000    - 


p^^MvOTrW^ 


60000    - 


40000    - 


20000    - 


Nl  11 


*  r    V,/ 


\f 


-3000 


-2000 


-1000 


-T . , 1 i-O 

1/Jan/90      31/Jan/90      1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS.  COD  and  BODS  data  from  Boise  Cascade  Canada  Ltd.  (Fort  Frances), 

Control  point  0100  (12-5-1991). 

kg/tonne 
120   -, 


100  . 
80  - 
60  - 
40   - 


20  -.b'  ■«,,  I  ; -./  ■ 


T 1 r ' 1 1 1 — 

1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

Bl.  Production  and  AOX  data  from  Boise  Cascade  Canada  Ltd.  (Fort  Frances), 

Control  point  0100  (17-5-1991). 

t/day  kg/tonne 

600  T  r5 


500  - 
400  - 
300  - 
200  - 
100  - 
0  -. 


■■ 


.■:■'. 


|L« 


r.A  ■  •■ 


-4 
-3 

■  2 

■  1 


-, , r^O 

1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


—  Average  flow 

-"  Conductivity 

—  Production 


Bl.  Production 
AOX 


MILL  06 


N  McCubbin  Conauttania  Inc. 


BAT  Definition  S^u(^.  Pulp  and  Paper  Sector 


T«bl«  lb.   H«loQ«iiaie<l  volalllea  |ATG16).  Canadjan  Pacific  Foreat  Producta  jDrTden)-  (Dale:   3-8-1991). 

Company:  00008401 M                           Chloro-  Chloro-             Bromo-           Bromod-          Dichloro-       1,1-Oichloro-    1,2-Dichlcro-    l.1-Dich!oro- 
Cntr.pi     01   Bl   prod     Darly  i\oM          melhane  elhyiene          melhane     rhloromethane      methane           ethane             ethane            elhyiene 
T/day          mJfday         mq/ionne  mq/tonne         mg/lonre         mg/lonne         mq/lonne         mgflonne         mq/lonne         mq;ionne 


Jan/90 

626 

95,000 

Fetvso 

B41 

95,000 

Mw;90 

0 

SO.OOO 

Apr/90 

890 

ft4.000 

May/90 

1,043 

100.000 

Jun/90 

844 

106,000 

16,390 
1,807 


829 


Company:  OC»oa40ia8 

tran»-I.Z-Di-    1,2-Dichlwo- 

ciB-1 , 3-Di-      trans- 1 .3-Di- 

Oibromo- 

Trichlcro- 

Cntr.pt     01   Bt  prod     Dally  tiow 

:hloroeihylene      propane 

:hloropropylen.:h!oropropylen. 

ethylena 

melhane 

T/day         m3/da¥ 

mq/tonne         mo/tonne 

mt)/tonne         mg/tonne 

mq/tonne 

mq/tonne 

Dibromo-         Tritromo-  1.1,2-Tfi- 

(loromelhane      methane       chloroethane 
mq/ionne         mq/tonne         mg/lonne 


Jan/90 
Feb/ 90 
Mar/90 
Apr/90 
May/QG 
Jun/90 


626 
841 
0 
690 
1.043 
S44 


95,000 
96.000 
60,000 
84,000 
100.000 
106,000 


42.186 
23,157 

12.175 
9,243 
8,741 


Company:  000084010B  TricWoro-  Trifluoro- 
Cntr.pt  01  BJ.  prod.  Daily  tlow  ethylene  cMtromaVorM 
T/dey          m3/day          mg/ionne         mq/tonne 


Tetrachioro-   1.1,2,2-Tetra-   Tetrachloro-         CNoro- 
methane       chloroethane       ethylene  benzene 

mq/lonne         mg/tonne         mq/tonne         mg/tonne 


1,2-Dichloro-    1,3-DichlorO"    1,4-Dichloro- 
benzene  benzene  benzene 

mq/tonne         mg/tonne         mq/tonne 


Jan/90 
FeW90 
Mar/90 
Apr/90 
May/90 
Jun/90 


626 

841 

0 

890 

1.043 
844 


95,000 
9S.000 
60.000 
64.000 
100.000 
106.000 


289 


Table  2b-  Nonhaloqanaied  volatilaa  (ATG171.  Canadian  Pacific  Feraat  Producta  (Dryden).  <Date:  3-5-1991). 

Company:  0000840108 

Cntr.pl :  01  Prod.           Daily  tlow  Styrene  Benzene        m.p-Xylene        o-Xylene  Toluene 
T/day          m3/day mg/tonne         mq/lonne         mg/tonne         mg/tonne         mg/lonne 


Date 

Jan/90 

847 

95,000 

Feb/ 90 

943 

95.000 

Mar/90 

607 

60,000 

Apr/90 

943 

84.000 

Mey/90 

1.196 

100,000 

Jun/90 

630 

106,000 

426 


185 


763 


1054 


454 


Tabia  9b-   InorganJca  (ATG  3.  4.  6.  7  *  15).  Canadian  Pacific  Foreal  Producta  (Dryden).  (Dale:  3-5-1991). 

Company:  0000840106 

Cntr.pt    01  Prod           Av.  Bow                 pH           Conductivity     NH3*NK4       N02»N03          Toial-N            Total-P            Sulphide 
T/day  m3/day tui/cm g/tonne g/tonne g/tonne gftonne g/tonne 


Date 

Jan;90 

1,115 

92.871 

7.2 

2055 

110 

42 

126 

150 

2 

Feb/ 90 

1.006 

91.571 

7.2 

2067 

32 

46 

131 

178 

7 

Mar/90 

833 

61,161 

7-3 

1952 

41 

49 

157 

200 

8 

Apr/90 

940 

92.733 

7.1 

1742 

3S 

175 

163 

158 

5 

May/90 

926 

92.546 

7.0 

1829 

70 

313 

224 

220 

. 

Jun/90 

975 

99,633 

7,3 

1622 

236 

138 

333 

225 

3 

Table  lOfa     Gfoup  and  unapecific  variablea  (ATG  1.  5.  6.  PP1-31  Canadian  Pacific  Fofeal  Producta  (Dryden).   (Dale:  3-5-1991) 

Company:  0000840108 

Cntr.pi     01  Prod            Bl.Prod              Aw   tlow             B005                AOX  COD                 DOC                TOC                 TSS 
T/day          T/day m3/tonne         Kq/lonne  Kq/lonne  Kci/tonne         Kg/tonne         Kg/tonne         Kg/tonne 


COD/AOX        COD/BOD 


Date 

Jan/90 

1,115 

850 

83  26 

2,9 

3.4 

50  6 

- 

Feb/ 90 

1.006 

744 

91  04 

3.0 

3-3 

SI  0 

- 

Mar/90 

833 

574 

97  43 

2.9 

3  7 

52  4 

.. 

Apr/90 

940 

792 

98  63 

3.3 

2.7 

59  0 

- 

May/90 

926 

808 

99  99 

3.7 

2.7 

65  5 

- 

Jun/90 

975 

848 

102  17 

3  9 

2.5 

56  3 

- 

31  St  May  1991 

-7 

4.9 

14  7 

17  7 

4.6 

15.2 

17.2 

B.2 

14  1 

18  2 

e.& 

21  9 

17  8 

6  7 

24  6 

178 

65 

22  9 

143 

Mill  08 


fj.  McCubbn  Con9uhan<?  tny, 


BAT  Delinition  Sludv  Pule  and  Paper  Sector 


Table  3b.   E«1raet«M»  b»»9  neutrala  (ATG191     Canadian   Pacific  Format  Producla  iDryden).    (DaU:  3-6-19911. 

Company:  0000840106  i-Methyl-  2-Methyl-  l-Chioro-  2-Chloro-  Betiz|a)-  Oibenz(a| 
Cnlr.pt  01  Prod  Daily  ftow  Naphihalene  naphthalene  naphthalene  naphthalene  naphthalene  Anthracene  anlhracene  anthracene 
T/day          mSfday mg/ionne         mq/tonne         mq/lonne         miyionne         mq/tonne         myionne         tnq/tonne         mg/tonne 


Date 

Jan/90 

847 

95,000 

Feb/90 

943 

95,000 

Mar/90 

607 

92,000 

Apr/90 

943 

84,000 

Uav/90 

1,196 

102,000 

Jun;90 

630 

106,000 

136 


Company:  0000640108 

Phenan- 

Acenaph- 

Acenaph- 

5-Nitro-ace- 

Fluor- 

Benz[b)' 

Benz[k) 

Cntrpl     01  Prod            Daily  flow 

threne 

thene 

thylene 

naphlhene 

Chrysene 

anihene 

fluor  an  thene 

lluoranthene 

Fluorena 

T/day         mS/day 

mq/tonne 

mq/ionne 

mq/tonne 

mq/lonne 

mq/lonne 

mq/tonne 

mq/tonne 

mq/ionna 

mq/tonne 

Dale 

Jan/90 

647 

95.000 

Feb/90 

343 

95,000 

Mar/90 

607 

92,000 

Apr/90 

943 

84,000 

May/90 

1,196 

102,000 

Jun/90 

630 

106^00 

Company:  0000840106 

Befi2(a|- 

ideno|1,2.3-c(i 

Benzjg.h.i]- 

Cntrpl     01  Prod            Dally  How 

Pyrene 

pyrene 

pyrene 

Perylene 

perylene 

Indole 

Camphene 

T/dav          m3/dav 

mq/tonne 

mq/tonne 

mq/tonne 

mq/tonne 

mq/tonne 

mq/tonne 

mq/tonne 

Dale 

Jan/90 

847 

95.000 

Feb/ 90 

943 

95,000 

Mar/90 

607 

92,000 

Apr/90 

943 

84.000 

May/90 

1,196 

102.000 

Jun/90 

630 

106,000 

Table  4b.   Acidic  exlraciablea 

(ATG20]. 

Canadian  Pacific  Forest 

Products  (Drvden)    (Dale:  3-S-1991). 

Company:  0000640108 

000 

4-Chloro- 

2-Chloro- 

2,4'Dichloro- 

Cnlr.pt  ,  01      Prod             Bl.Prod 

Daily  flow 

Phenol            m-Creaol 

o-Cresol           p-CresoJ         2.4-iiy(enol 

m-creeol 

phenol 

phentrf 

T/day           T/day 

mS/day 

mq/ionne         mq/tonne 

mq/tonne         mq/tonne         mq/tonne 

mq/lonne 

mq/tonne 

mq/tonne 

Date 

Jan/90 

847 

626 

95,000 

Feb/ 90 

943 

841 

95,000 

Mar/90 

607 

765 

92,000 

Apr/90 

943 

815 

64,000 

May/90 

1,196 

80? 

102,000 

Jun/90 

630 

844 

106,000 

111 

- 

121 

258 

- 

107 

17 

320 

326 

474 
589 
340 
822 
465 


Company:  0000840108 

Cntr.pt,,  01      Prod           Bl  Prod         Daily  How 
T/day T/day m3/day 


2,6-Dichloro-       2.3.*-Tri-  2.3,5-Tri-  2,4,5-Tri-  2,4,6-Tri-      2,3,4,5-TeB-e- 2,3,4,6-TeIra-  2,3,5,6-Tetra- 

phenol        chlorophenol    chlorophonol    chloropheno)    chlorophenol    chlorophenol    chlorophenol    chlorophenol 
mq/tonne         mq/tonne         mq/tonne         mg/lonne         mq/tonne         mgflonne         mg/tonne         mq/tonne 


Date 

Jan/90 

847 

Feb/ 90 

943 

Mh/90 

607 

Apr/90 

943 

Mey/90 

1,196 

Jijn/90 

630 

626 

95,000 

841 

95.000 

765 

92.000 

815 

64  000 

607 

102,000 

644 

106,000 

1,472 


3.163 


1,443 
2.503 

1,382 


2,853 
3.247 


204 
41 


134 
253 


Company   0000840108 

Pema- 

4-NJiro- 

2.4-Dinitro- 

Cntr.pt.:  Oi      Prod 

Bl.Prod 

Daily  flow 

chlorophenol 

pheno* 

phenol 

T/day 

T/day 

mS'dey 

mq/tonne 

mq/tonne 

mq/tonne 

Dale 

Jan/90 

647 

626 

95,000 

- 

Feb/ 90 

943 

841 

95,000 

- 

M8r/90 

607 

765 

92.000 

241 

Apf/90 

943 

615 

64.000 

- 

May/90 

1,196 

607 

102,000 

152 

Jun/90 

630 

844 

106,000 

- 

2(6 


228 


31  Si  May  1991 


MHOS 


N.  McCubbin  Conauftanty  (ny, 


BAT  Delinition  Study.  Pulo  and  Paper  Sector 


Tabte  5b    Chlorinated,   rieutrala  (ATG|g3>  Canadian  Pacific  Foreat  Producia  (Dfydetil     (Dale:  3^5-199H 

Company:  0000840108  HexacNoro-  Hexachloro-     Hexachlofo-  l.2,3-Tridiiofo1,2,4-Trichlort>?.4.5'Tridiloro  1,2,3,4-Telra-  1,2,3,5-Telra- 

Cmr.pt.    01  Bl  Prod       Daily  llow  ethane  buladene     yclopenladien      benzene  benzene  toluene       chlofobenzenchlorobeniene 

— T/day  mJJday  mq/lonre  mq/loone         mq/lonne         mg/tonne         mq/tonne         mq/tonne         mq/ionne         mg/tonne 


Dale 

Feb/90 
Mar/90 
Apr/90 
May/90 

Jun/go 


626 
841 
765 
615 

607 
544 


95.000 
95,000 
92.000 
54,000 
102.000 
106.000 


14  9 
6.8 


170 
9.0 


3.0 


173 


4.6 


61  3 

40  7 

70-7 

1162 

1428 

158  1 


33  4 
35  2 


31  3 

196 

1024 

106  4 


59 


2.8 
3.3 


36.2 
126  6 


Company    OOOOA40106 

1.2.<.S-T«1- 

P»niB- 

HexB- 

Octachloro- 

Cnirpt     01 

BlProd 

Daily  (low 

<Morat»nt*n# 

cMorob* 

rizmnt 

chlorobar^IHI* 

slyrene 

T/day 

m3/day 

mq/lonne 

mq/ionne 

mq/ionne 

mq/torne 

Dale 

Jan/90 

626 

95,000 

446 

335.7 

4.6 

Feb/ 90 

841 

95.000 

- 

83  9 

1439 

7.5 

MBr/90 

765 

92.000 

- 

178 

. 

. 

Apr/90 

815 

84,000 

13.3 

37 

. 

. 

May/90 

807 

102.000 

222 

. 

- 

Jun/go 

644 

106,000 

3,6 

- 

77  2 

124  2 

Table  6b    Chlorinated  dioicina.  dibenzoturanea  and  PCB-a  {ATG(J3)     Canadian   Pacific  Foreal  Producta  [Dryden)     (Dale:   3-5-1 991 ). 


Company    0000840106 
Cntr.fM  .  01     Bl  Prod     Daily  How 
T/day  mS/day 


2,3,7.8- 

TCDD 

ngionne 


Toial 
TCDO 
[iqionne 


Date 

Jan/90 

626 

95.000 

Feb/ 90 

841 

95,000 

Mar/90 

765 

92.000 

May/go 

807 

102,000 

Jun/90 

844 

106,000 

Total 
TCDF 
Hqionne 


Total 

Total 

Total 

Total 

Total 

PCOD 

PCDF 

HxCDD 

HxCDF 

HpCDD 

nqtonne 

liqtonne 

tiqtonne 

jiqlonne 

liqionne 

2.2 

24  0 

126 


Company   0000840108  Total 

Cntr  pt     01      B  Prod     Daily   (kw  HpCDF  OCOD  OCDF 
T/day           m3'dav           ^ig/tonne           ^Lq/ton^e           tiq/tonne 


Total 
PCBs 

lig/lonne 


Date 

Jan/90 

414 

95.000 

Feb;  90 

428 

95,000 

Mar/90 

330 

92,000 

May/90 

575 

102.000 

Jun/90 

395 

106.000 

59-7 


Table  7b    Falty  and  resin  acida  (ATG  26)  Canadian  Pacific  Forest  Producta  (Dryden)    (Dale:  3-5-1991) 

Company   00008401 08  Oleic              Pimaric  Abietic  Dehy*o-        laopimar ic      Levopimaric      Neoabietic 

Cntr  pt     01      Prod           Bl  Prod         Daily  (tow  acid                 acid                 acid  abietfc  aad  acid  acid                  acid 

T/day           T/day m3/dav  q/tonne            q/tonne  g/tonne  gftonne 


Date 

Jan/90 

847 

Few  90 

943 

Mar/ 90 

607 

Apr/90 

943 

Msy/90 

1.196 

Jun/90 

630 

g/lonne 


g/lonne 


g/tonne 


626 

95.000 

641 

95.000 

765 

92,000 

815 

64.000 

807 

102.000 

844 

106,000 

9.6 
11 

6  4 

11  6 

29  4 


1.6 
1  8 
3  9 


1  2 


3.6 


23 


12  1 
56 


5,S 
43 

3.1 
4.3 
3.1 
49 


2.4 
0  5 
2  3 

3.1 
20 


Company:  0000840108 

Cntr  pt     01      Prod  Bl.Prod 

T/day  T/day 


Date 

Jsn;90 

847 

Feb/90 

943 

MBr/90 

607 

Apf/90 

943 

May/90 

1,196 

Jun/90 

630 

Chlorodehy*oiichlorodehy<t-c    Total  reain        Total  resin        Total  resin 
Daily  flow       abietic  add     abietic  add          acida              acids              acids 
"i^/day g/tonne g/tonne g/tonne Kg/da  y m^l 


626 

841 
765 
815 

807 
844 


95.000 
95,000 
92.000 

64.000 
102,000 
106.000 


1.4 
23 
9.9 
10  2 
29  1 
4  5 


22.3 
138 
10.2 
14  2 
9  0 
4  5 


Values  (cr  dehy<*-oabietic  aad  and  dichlorodehyttoabieiic  add  we  monthly  averages 


15.5 
10  2 
2S.S 
18  1 
37.9 
22  4 


13 
10 
16 
17 
45 
14 


0  14 
0  10 
0  17 
0  20 
0  44 
0  13 


0.6 


10 


1.0 
1  0 
1  8 
5.0 

1.7 


31  Si  May  1991 
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Mill  OS 


N  McCubbin  Consultants  In^, 


BAT  Delinitjon  Stutlv.  Puto  and  Paper  Sector 


Tabig  ab.    Melata  (ATG  9  aT2).  C»n»<fcBn  PacJIic  Foreat  Pfoduda  (DfYdenl.   (Dale:  3-5-1991), 


Company 

0000640 1C 

Prod 

Daily  flow 

Bflrylkum 

Aluminkjm 

Copper 

Zinc 

Chromium 

Nickel 

Moiybdenum 

Cobatt 

T/dav 

m3'dav 

q/tonne 

q/lonne 

q/tonne 

(jftonne 

q/tonne 

q/lonne 

q/tonne 

q/lonne 

Date 

Jan;90 

847 

95.000 

Feb/90 

343 

95.000 

Mar/so 

607 

92,000 

Apr/90 

943 

64.000 

May/so 

1,196 

102,000 

Jun/90 

630 

106,000 

0  27 
020 

0  24 


117 

too 

165 

lis 

B4 

304 


0.6 
0.6 

2.0 


108 
6.0 

17,0 

10,8 
B.1 

19.0 


24 


2.2 

3.7 
1.9 

it 

4.5 


Company 

0000840 1C 

Prod 

Daily  llow 

Vanadium 

Silver 

Lead 

Cadmium 

Thallium 

Mefcury 

T/dav 

m3/dav 

q/tonne 

q/ionne 

q/lonne 

q/tonne 

q/tonne 

q/tonne 

Dale 

Jan/90 

847 

95.000 

- 

- 

. 

Feh/90 

943 

95.000 

- 

0  6 

- 

Mar/so 

607 

92.000 

0  5 

0.9 

- 

Apr/90 

943 

84.000 

- 

- 

May/90 

1.196 

102.000 

0,1 

- 

09 

Jun/90 

630 

106,000 

0  7 

- 

20 

4  03 
6  06 

2  67 

3  41 
3  37 


0  01 


Values  (or  aiuminium  and  link  are  montfily  averagea 


31st  May  1991 


-10- 


MillOS 


Average  flow,  Prodjction  and  Conductivity  data  from  Canadian  Pacific  Forest  Products  (Dryden), 

Control  point  0100  (12-5-1991). 
m^/day       t/day 


160000    ^1500 


120000 


80000    - 


40000 


y.sycm 

r4000 


.3000 


-2000 


-1000 


1/Jan/90      31/Jan/90       1/Mar/90      31/Maf/90     30/Apr/90     3a/May/90    29/Jun/90 

TSS.  COD  and  BODS  data  from  Canadian  Pacific  Forest  Products  (Dryden), 

Control  point  0100  (12-5-1991). 
kg/tonne 


120   ^ 


80   . 


40   . 


(126 


(149) 


(130) 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90     29/Jun/90 

BL.  Production  and  AOX  data  from  Canadian  Pacific  Forest  Products  (Dryden). 
Control  point  0100  (12-5-1991). 

t/day  kg/tonne 

1200   I.  ■  r6  00 


■Average  flow 
Conductivity 
Production 


1/Jan/90       31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


N.  McC)J±tn  ConaJanls  Inc. 


BAT  Detkirtion  Study.  Pub  and  Paper  Sedof 


TabI*  lb.  Hslogsnaivd  volatlUt  (ATG1S) 

Csnadlan  Pacific  Forast  Product*  (Thundar  Bay)..  (Data;  R-$-19B1). 

Company  0{X)0e4O0O9                            ChlofO- 

Chloro-             Bfomo-           Bfomodi-          Olchloro-       1 .1  -Oichlofo-    1 ,2-Oichloro- 

1.1-Dichloro- 

Cntr  pt    01    Bi  Prod     Daity  flow          malhane 

athylene          methane     i^lofomethane      melhane            ethane             ethane 

elhylene 

T/day          m3/day          mg/tonne 

mg/ionne         mg/ionno         mg/Tonne         mg/tonne         mg/lonne         mg/tonne 

mg/tonne 

Jan/90 

1.100 

174.000 

FebySO 

1,100 

175.000 

Mar/80 

1,100 

160,000 

Apr/80 

1.100 

190,000 

May/90 

1.100 

160,000 

Jun/90 

1,100 

199,881 

179 


445 


Company  OOOOB40009 

lranB-1,2-Di- 

1 ,2-Dichtoro- 

CIS- 1,3- Di- 

trans-l,3- Di- 

Dibromo- 

Tftchloro- 

Djbromo- 

TrJbromo- 

1,1.2-Tri- 

Cnir  pt    01     BJ  Prod      Oaity  Ikm 

::hloroelhylene 

propane 

sh  loropropylen 

sh  loro  propyls  ni 

ethylene 

melhane 

=hloro  methane 

methsne 

chloro«thane 

T/dav          m3/da¥ 

mg/tonne 

mg/ionno 

mg/ionne 

mfl/lofine 

mg/ionn© 

mg/tof>rw 

mg/lonne 

mg/tonne 

mg/lonne 

Jan/90 

1,100 

174.000 

F«b/90 

1,100 

175,000 

Maf/90 

1,100 

160,000 

Apr/9a 

1,100 

190,000 

May>90 

1,100 

laoooo 

Jun/90 

1,100 

189,881 

278,020 
232,273 
203,636 
191,727 
177,382 
279,125 


Company  0000840009  Trichtoro- 
Cntr  pt  01  BI  Prod  Daily  flow  ethylene 
T/day          m3/day          mg/tonne 


ThfluOfO-        Teirachloro-    1,i.2,2-Tetra-   Teirachloro-         Chloro- 

cw<xc»«ih«™        methane      chloroeihane      ethylene         benzene 

mg/tonne         mg/tonne         mg/tonne         mg/ionne         mg/tonne 


1 ,2-Dichloft>-    1 ,3-Dichlofo-    1 ,4-Dichloro- 
benzene  benzene  benzene 

mg/tonne         mg/lonne         mg/tonne 


Jan/90 

1.100 

174,000 

f=eb/90 

1.100 

175.000 

Mar/90 

1.100 

160.000 

Apr/90 

1,100 

190,000 

May/90 

1,100 

180.000 

Jun/90 

1,100 

189,881 

M4 


Tabia  2b.  Nonhaloganaiad  volatllaa  (ATGi?).  Canadian  Paclllc  Foraal  Product*  (ThundT  Bay)..  (Data:  B-5-1991 

Company   0000640009 

Cntr.pt.:  01  Prod  Daily  flow  Styrene  Benzene        m.p-Xylene        o-Xylene  Toluene 

T/day mS/tlay mg/tonne  mg/lonne  mg/lonne  mg/lonne  mg/lonrw 

Date 

Jan/90  2,442  174,000  -  413  -  36 

FeWSO  2.138  175,000  -  -  .  .  . 

Mar/90  2.191  160,000  -  .  .  .  . 

Apf/90  2.533  190,000  -  -  .  ^  . 

May/90  1,776  180,000  ■  -  .  .  . 

JtJn/90  2,266  189,881  -  -  .  .  . 


Tabia  9b.  Inorganic*  [ATG  3,  4.  6.  7  li  15).  Canadian  Paclllc  Foratt  Producta  (Thundar  Bay)..  (Oala:  B-5-1991 

Company  0000840009 

Cntrpl     01  Prod             Av    flow                   pH             Conduciivily      NH3  +  NH4         N02+N03           Total-f^              Toial-P             Sulphide 
T/day  m3/day ps/cm g/lonne g/lonne g /tonne g /tonne g /tonne 


Dale 

Jan/90 

2.262 

165,484 

Fob/90 

2,348 

175,679 

Mar/90 

2,144 

164,516 

Apr/90 

2.112 

169,000 

May/90 

2.707 

183,226 

Jun/go 

2,244 

186,083 

6  9 
6  9 
6  6 
6  6 
6  5 
6  6 


1604 
1773 
1763 

1430 
1460 
1538 


20 

19 

2 

4 

2 


IS 
15 
5 
5 
4 
5 


113 
87 
128 
122 
107 
121 


48 

62 

60 

50 
38 
A3 


4 
16 
18 

6 
13 

5 


Table  10b.  Group  and  unapactflc  varlabUa  (ATG  1.  5.  8.  PP1-3).  Canadian  Paclllc  Fof  »l  Product*  (Thundar  Bay)-  (Data:  8-5-1991) 
Company  0000840009 

Cnlr.pt.iOlProd.           BI  Prod  Av  flow  BCD5  AOX  COD  CXDC  TOC  TSS 
T/day          T/day m3/lonne         Kg/lonne          Kg/lonne          Kg^lonne         Kg/tonne          Kg/tonne         Kg/lonne 


COD/AOX         COD/BOO 


Date 

Jan/90 

2,442 

1,100 

67  77 

203 

40 

72  4 

Feb/go 

2,138 

1,100 

82  17 

26  8 

5  4 

93  3 

Mar/90 

2,231 

1,100 

73  74 

20  5 

4.1 

67  9 

Apr/9a 

2,533 

1,100 

66  72 

17,1 

2.6 

60.6 

May/90 

1,776 

1,100 

103  17 

28.3 

32 

1005 

Jun/90 

2,266 

1.100 

82  12 

21  9 

3  7 

76  4 

SIslMay  199 

-12 

810 

18 

3  6 

7.4 

17 

3  5 

e.i 

17 

3  3 

7.6 

33 

3  5 

8.8 

31 

36 

7  1 

21 

35 

Mjn09 


N.McCt±binConstJart9lnc. 


BAT  Detinilion  Sludv.  Pub  and  Paoer  Sedor 


T>bU  3b.  EmracfbU  bB>«  n»mr«l»  {*TG19).  Canadian  Pacific  Fof  »i  Producf  (ThundT  Biy)..  (Daf :  »-5-199 

Company  00OOB4OO09  l-Mothyl-  2-Methyl-  1-Chloro-  2-Chtoro-  Benzja]-  Dibenifa] 
Cnir  pi  01  Prod  Daily  flow  Naphlhalane  naphlhatena  naohmatenB  naphthalane  naphthalene  Anihracene  anihracene  anlhracene 
T/day          m3/day mg/tonne         mg/lonne         mg/lonne         mg/Tonne         mq/fonna         mg/ionne         ms/lonna         mg/lonne 


Date 

Jan/so 

2,442 

174,000 

- 

Feb/90 

2,138 

175,000 

123 

Mar/90 

2,231 

170.000 

114 

Apr/90 

2.533 

180.000 

- 

May/90 

1.776 

160.000 

253 

Jun/90 

2,266 

169,661 

. 

41 


Company  0000S40009  Phenan-  Acenaph-         Acenaph-       5-Nilro-ace-  Fluor- 

Cntr  pt    01  Prod  Daily  Ikw  throne  ihsna  thylBno  naphthene         Chryeena  anthons 

T/day  m3/daY mg/lonne         mg/tonne         mgAonne         mg/lonne         mp/lonne         mfl/lonne 


Date 

Jan/90 

2,442 

174,000 

Feb«0 

2.136 

175.000 

Mar/90 

2,231 

170.000 

Apr/90 

2.533 

190.000 

May/90 

1.776 

180,000 

Jun/90 

2,266 

189,661 

Benz[b]-  Benz[k] 

lluoranlhene     lluoranihene        Fluorene 

mg/tonne         mg/ionna         mg/tonne 


30 


51 


61 


20 


Company  00O0640O09  Benz[a]-     ideno[1 ,2.3-ca  Benz[g,h,l]- 

Cntr  pi    01  Prod            Daity  flow  Pyrena  pyrene  pyrene  Perylene  porylene  Indole  Camphene 
T/day          m3/day mg/lonne         mg/lonne         mgAonne         mg/ionne         mg/tonne         mg/lonne         mg/tonne 


Date 

Jan/90 

2.442 

174.000 

retvoo 

2.136 

175,000 

Mar/90 

2,231 

170.000 

Apf/90 

2,533 

190,000 

May/QO 

1.776 

180,000 

Jun/90 

2,266 

189,881 

91 


70S 

43 
^31 


Tabia  4b.  Acidic  ejitfactablaa  (ATG20).  Canadian  Pacific  Foraat  Product*  (Thtindar  Bay)..  (Data:  6-5-1991). 

Company  0000840009  000  4-Chloro- 
Cnlr.pi.OI  Prod  8i  Prod  Daily  llow  Phenol  m-Cresol  o-Cresol  p-Cresol  2A-xy\enol  m-cresol 
T/day            T/day mS/day           mg/ionne         mg/tonne  mg/tonne         mg/tonne         mg/tonne         mg/lonne 


Dais 

Jan/90 

2.442 

1,100 

174,000 

1,140 

FBtV90 

2,136 

1,100 

175,000 

647 

74 

Mar/90 

2,231 

1,100 

170,000 

8,915 

6,020 

Apr/so 

2,533 

1,100 

190,000 

- 

23 

MBy/90 

1,776 

1.100 

180,000 

2.579 

- 

Jun/90 

2,266 

1,100 

169,881 

1,144 

2-Chloro-      2,4-Dichloro- 

phenol  phenol 

mg/lonne         mg/tonne 


30 


74 


184 


293 


316 
636 
1,051 
691 
458 
794 


Company  0000640009 
Cnlrpi    01      Prod  81  Prod 
T/day  T/day 


Date 
Jan/90 
FehflO 
Mar/90 
Apr/90 
May/90 
Jun/90 


2,6-Dicmoro-       2,3.4- Tri-  2,3,5-Trv  2.4,5-Tri.  2,4,6-Tri-      2,3,4, 5-Teira- 2.3,4, 6-Teira-  2,3,5,6-Telfa- 

Daily  llow  phewl        chlorophenol    chlorophenol    chlorophenoi    chlorophenol    chlorophenol    chlorophenol    chlorophenol 

m3/dav  mg/lonne         mg/lonne         mg/tonne         mg/lonne         mg/lonne         mg/ionne         mg/lonne         mgi'ionne 


2,442 
2,138 

2,231 
2,533 
1,776 
2,266 


1,100 
1,100 
1,100 

1,100 
1.100 

1,100 


174,000 
175.000 
170.000 
1 90.000 

180.000 
189,661 


870 


507 
1,433 


607 


1,550 

2.164 
760 


93 


65 


Company  0000640009  Penta- 
Cntrpi    01      Prod            Bl.Prod         Daily  flow      chlorophenol 
T/day T/day m3/day           mg/lonne 


Dale 
Jan/go 
Feb/9a 
Maf/90 

Apr/90 
May/90 
Jun/90 


4-Niiro- 

phonol 

mg/lonne 


2,4-Dinilro- 
phenol 
snne 


mg/lor 


2,442 
2,138 
2,231 
2,533 
1.776 
2,266 


1,100 
1,100 
1,100 
1,100 
1.100 
1,100 


174,000 
175,000 
170,000 
190,000 
160,M» 
169,661 


31sl  May  1991 
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Min09 


N,  McCtit)inConsularts  Inp, 


BAT  Detinition  Sludv.  Pulp  and  Paper  Sedot 


T*bl>  5b.  Chloftnaf  d.  n»ulr*t«  <ATG(23).  Cinadlan  Pacific  Fofl  Product*  (Thunder  Bay]..  (D«l«:  9-5-1881). 

Company  0000840009  Hexachloro-     Hexachtoro-     Heitachloro-  1 ,2,3-TrichlQrol.2,*-Trichloro>,4,5-Tfichloro  1 ,2,3,4-TQtra-  1,2,3,5-Teifa- 

Cnif  pt    01    Bi  Prod     Daily  ftow  9ihane  buladion©     yclopeniadian      benzene  benzene  toluene      chlofobenzenezhlorobenzene 

T/day  mS/day  mgAonne         mg/ionne         mg/lonne         mgflonne         mfl/ionne         mg/ionne         mg/tonne         mg/ionne 


Dais 

Jan/90 

1,100 

174,000 

Feb/9D 

1,100 

175,000 

Mar/90 

1,100 

170,000 

Apf/90 

1,100 

190  000 

May/90 

1,100 

180.000 

Jun/90 

1,100 

189,861 

16  8 

21  6 


6  6 
3  1 


25  3 

127 

20 


23  4 
64 
20 


130  3 
102.1 


81.1 


86  7 
155  9 


222  4 

78  0 


218  5 


59  2 
23  2 


Company  0000B40009 

1,2,4.»-T««a. 

Panti- 

Hao. 

Ociachloro- 

Cmr  pt    01 

ei  Prod 

Daily  flow 

ch^rob9Fvztf\9 

ch^oTobmnl9n9 

chloiobvnian* 

siyrene 

T/day 

mS/day 

rngflonne 

mfl/lonne 

mg/lonrw 

mg/ionne 

Oais 

Jan/90 

1,100 

174,000 

-. 

135.4 

213,5 

9  5 

Feb/9D 

1,100 

175,000 

- 

200  5 

94  8 

7.3 

Mar/so 

1,100 

170.000 

- 

Apr/90 

1,100 

190.000 

51  8 

43  7 

16  2 

May/90 

1,100 

180.000 

76  3 

208 

4  1 

Jun/90 

1,100 

189,881 

40  6 

124  1 

19  3 

Tabr*  6b.  Chtortnaled  dlontn*,  dibenzoluranat  and  PCB'«  (ATG(24).  Canadian  Pacific  Fortal  Products  (ThundT  Bay)..  (Daf :  8-5-1991] 
Company  0000840009                           2,3,7,8-              Toial                Tolal                Toial                Total                 Total                TolaJ  Total 
Cnlr  pi ,  01    BI  Prod     Daily  ttow            TCOD               TCOO               TCOF               PCDD               PCOF              HxCDO             HxCDF             HpCDO 
T/day          m3/day           ^jgtonne           ^^gtonne           pglonne           pgtonne pgtonne pgionne           pgionne pgionne 


Date 

Jan/90 

1.100 

174,000 

Feb/go 

1.100 

175,000 

Mar/90 

1.100 

170,000 

Mar/90 

1,100 

160,000 

Apr/90 

1,100 

190,000 

May/go 

1.100 

180,000 

3.9 
36 

13.9 


Company  O000840oog 

Total 

Total 

Cnir.pt.  01    BI  Prod     Daily  (low 

HpCDF 

OCDD 

OCDF 

PCB* 

T/day          m3/ctay 

pg/tonne 

ufl/tonne 

pg/tonne 

ua/lonna 

Date 
Jan/90 
FebfflO 

Maf/90 
Mar/90 
Apf/90 
May/90 


1,100 
1,100 
1.100 
1,100 
1.100 
1.100 


174.000 
1  75,000 
170,000 
160.000 
190,000 
180,000 


150  3 
15  6 


344 


13  9 


Table  7b.  Falty  and  raain  aclda  (ATG  28}.  Canadian  Pacific  Forest  Producla  (Thunder  Bay)..  (Data:  6-5-1991). 

Company  0000840009                                                     Oleic  Pimaric  Abielic  Dehydro-         tsopimaric      Levopimaric      Neoabietic 
Cntrpt.  01      Prod            BI  Prod          Daily  (low             acid                 acid                 acid            abteticacid  acid  acid  acid 
T/day T/day m3/day g/lonne g/ionne 


g/lonne 


g/tonne 


g/tc 


g/ionne 


g/tonne 


Date 

Jan/90 

2,442 

1,100 

1  74,000 

. 

- 

,- 

172  5 

_ 

Feb/90 

2,138 

1,100 

175,000 

3  7 

25 

72 

125  5 

52 

Mar/90 

2,231 

1,100 

170,000 

32  8 

IS  3 

2  1 

SI  2 

68  7 

Apr/90 

2,533 

1.100 

190,000 

21  6 

- 

113  4 

. 

May/90 

1,776 

1.100 

180,000 

44  0 

41  g 

224  2 

207  5 

254  9 

Jijn/90 

2.266 

1.100 

189,881 

127  4 

Company.  0000840009 

Crilofodehydro  1 

chlorodehyar< 

Total  resin 

Total  resin 

Tolal  resin 

Cntr  pt  ■  01 

Prod 

BI  Prod 

Daily  flow 

abielic  acid 

abielic 

acid 

acids 

acids 

acids 

T/day 

T/day 

m3/day 

g/Ionne 

q/tonne 

g/tonne 

Kg/day 

mq/l 

Ofue 

J(m/90 

2.442 

1,100 

174,000 

- 

8.6 

172.5 

421 

2  42 

Feb/90 

2,138 

1,100 

175,000 

14.0 

8  1 

1562 

334 

1  91 

Mar/90 

2,231 

1,100 

170,000 

264 

85 

191  3 

427 

2  51 

Apr/90 

2,533 

1,100 

190,000 

140.6 

84 

174  5 

442 

2  33 

May/90 

1,776 

1,100 

180,000 

87  2 

92 

840.9 

1493 

8  30 

Jun/90 

2,266 

1,100 

189.881 

8  1 

127  4 

289 

1  52 

Values  lof  dehydfoabieiic  acid  and  dichlorodehydrpabielic  acid  are  monthly  avefages 


2  5 


60 


58  5 


31st  May  1991 
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Mill  09 


NMcCUabinConsitotelnc. 


BAT  Detinilion  Study,  Pub  and  Paper  Sedof 


T«bt»  eb.  M«lal»  (ATC  8  *12).  Canadian  PacHle  For«>t  Producf  (ThundT  Bay)..  (D«l«;  B-5-1flBl). 

Company 

00008400C      Prod.         Daily  ftow        Bofylium         Atumirrium          Copper               Zinc             Chromium            Nickel         Molybdenum         Cobalt 
T/day  mS/day g/ionne qjlonne g/tonne gAonna sAonne g/lonne g/lonne g/tonne 


Dale 
Jan/90 
FelVQO 
Mar/BO 
Apr/90 
May/90 
Jun/90 


2.442 
2,13a 
2,231 
2,533 
1,776 

z.see 


174,000 
175,000 
170,000 
190,000 
180,000 
189,Sei 


0.33 


319 
380 
375 
367 
811 
469 


3.0 

2,1 

1.3 
14 
19 
23 


132 
200 
188 
8  3 
10  6 
13  3 


5.0 
72 
60 
89 
7  8 
68 


0  5 
08 


03 
0.9 
0.8 
0  6 


02 


Company 

00008400C 

Prod 

Daily  now 

Vanadium 

Silver 

Lead 

Cadmium 

Thallium 

Mercury 

T/day 

m3/dav 

fl/tonne 

g/lonna 

u/tonne 

g/tonne 

fl/lonne 

g/lonne 

Dale 
Jan/90 
Feb/90 
Mar/90 
Apr/90 
May/90 
Jun/90 


2,442 

2,138 
2,231 
2.533 
1.77B 
2.266 


174, OX 
175,000 
170,000 
190.000 
180,000 
189,881 


0.4 


0.4 
0.5 

0.5 
0.3 


0.14 


0  15 


1  76 
1.64 


000 

0.00 


Values  tor  aluminium  and  zink  are  monthly  averages 


31 31  May  1991 


-15- 


MtH09 


Average  flow.  Production  eind  Conductivity  data  from  Canadian  Pacific  Forest  Products  (Thunder   Bay), 

Control  point  0100  (13-5-1991). 

m  ^/day       t/day  tjs/cm 

200000  -r  5000  „  j-  4000 


-3000 


-2000 


-  1000 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS,  COD  and  BODS  data  from  Canadian  Pacific  Forest  Products  (Thunder  Bay)., 

Control  point  0100  (13-5-1991). 
kg/tonne 
160   -, 


120   - 


80  - 


40  - 


%t>B| 


»■«"    ■' 


»■■■■  r,"  _■■.  Hf.       •■_ii«         ».■        ■■   "^         i" 


1  /Jan/90      3 1  /J  an/90       1  /Mar/90      3 1  /M  ar/90     30/Apr/90     30/M  ay/90    29/J  un/90 

Bl.  Production  and  AOX  data  fi-om  Canadian  Pacific  Forest  Products  (Thunder  Bay)., 

Control  point  0100  (13-5-1991). 

t/day  kg/tonne 

1200   n  ^5 


1000  - 
800  - 
600  - 
400  - 
200  ■ 


0  ■ 


■!■ 


i,.^ 


■4 
■3 
■2 

-1 


I 1 r  —I 1 r 

1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


—  Average  flow 
" "  Conductivity 

—  Production 


Bl.  Production 
AOX 


MILL  09 


N.McCtitiinCoreulartelnc. 


BAT  Detkiition  Study.  PMb  and  Paper  Seaor 


Tabl»  lb.  Haloganaf  d  volaltl«»  (ATG16).  Demtar  Inc.,  Fin*  P«p«r«  DIvUlon  (CcrnwII).  <D«f :  1>-5-1fl81).  

Company  0000140301                               Chlorc              ChlofO-              BfOmo-            BromotJi-           Orchloro-        1  .l-Dichloro-    1 .2-DicHlofo-  1.1-D.chtofo- 
Cnif.pi    01    Bl.Prod     Daily  ricw          malhane          ethylene          methane     ::hloromeihane      methane           ethane             elhane  ethylene 
T/day          m3/day         mg/ionne  mg/tonne         mgflonne         mg/tonne         mgflonne         mg/ionne         mg/tonne  mg/ionne 


Jan/90 

425 

128.000 

Feb«o 

447 

125.000 

Mar/90 

373 

122.000 

Apr/90 

445 

13a,000 

May/90 

379 

119,000 

Jun/SO 

445 

134,000 

542 


1,162 


Company  0000140301  irans-l,2-Di-  1 .2-DichkDro-  as-l,3-Di-  trans-1 ,3-Di-  Dibromo- 
Cnlf  pt  01  Bl.Prod  Daily  Itow  :*iloroethylene  propane  rhloropropyten^hloropropyteni  ethylene 
T/day          m3/day         mq/ionne         mg/tonne         mg/lonne         mg/tonne         mg/ionne 


Trlchloro- 
meihane 

mg/tonne 


Dibromo- 

^nioromeihane 

mg/tonne 


Tribromo-  1,1,2-Tn- 

methane       chloroethane 
mg/lonne mg/tonne 


Jan/90 

425 

128,000 

Feb/90 

447 

125.000 

Uar/90 

373 

122,000 

Apr/90 

445 

136,000 

May/90 

379 

119.000 

Jun/90 

445 

134,000 

68.861 
60.045 
44,810 
77,528 
103.580 
73.775 


Company  0000140301                          TrK:hloro-         Thtluoro-       Tetrachlwo-    1.1.2,2-Teira-    Tetrachlofo-         Chlofo-        1,2-O,chlof0-    1,3-D.crilOfO-    1,4-Dichlofo. 
Cntr  pi    01 81  Prod        Daily  How          ethylene        cNo,™.*^.        methane       chlofoeihane       ethylene  benzene  benzene  benzene  benzene 
^^^ Tli^ "ig^o^ne mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/lonne         mg/ionne 


Jan/90 
Feb/90 
Mar/90 
Apf/90 
May/90 
Jun/90 


425 
447 
373 
445 

379 
445 


128.000 
125,000 
122.000 
138.000 
119.000 
134,000 


Table  2b.  Nonhalogenaf  d  volaUI»»  (ATGI?).  Domtar  Inc..  Fine  Pap»r»  Dlvlaion  (Cornwall).  (Dale:  18-5-1991), 

Company   0000140301  ' 
Cntrpi    01  Prod            Daily  llow          Styrene           Benzene        m.p-Xytene        o-Xylene  Toluene 
T/day          m3/dav mg/tonna         mg/tonne         mg/tonne         mg/ionne         mg/tonne 


Date 

Jan/90 

768 

128,000 

Feb/90 

836 

125.000 

Mar/90 

742 

122,000 

Apr/90 

502 

136,000 

May/90 

679 

119, tMM 

Jun/90 

811 

134,000 

663 

451 

674 

1210 

859 


2083 
946 
822 

1210 
1735 

1570 


667 

510 

707 

1622 

1420 
1107 


Table  9b.  Inorganica  (ATG  3,  4.  6.  7  t  15).  Domlar  Inc..  Fin*  Paper.  Dlylajon  (Cornwall).  tPate:  l8-5>1flai). 

Company  0000140301 

Cntrpt     01  Prod             Av    llow                   pH             Conducttvily      NHS  +  NH4         N02+NO3  Tolal-N  Tolal-P  Sulphide 
li^^i; !I!2;day PS/cm g/tonne            q/tonne            g/tonne            g/tonne  g/ionne 


Dale 

Jan/so 

705 

125,100 

Feb/90 

715 

122.786 

Mar/90 

754 

128.000 

Apr/90 

724 

119,533 

May/go 

724 

124.871 

Jun/90 

735 

131.560 

7  9 
7  4 
7.0 
64 
70 


1184 
1207 
1090 
940 
1105 
1117 


98 

17 

192 

155 

166 

25 


16 
45 
93 
23 
5 
9 


408 
223 
679 

429 
517 
663 


38 
69 
51 
63 
52 
54 


169 

54 

18 

4 

18 
47 


Table  10b.  Group  and  unapaclfic  v.rlabUa  [ATG  1,  5.  8.  PP1-31.  Domlar  Inc.,  Fine  Papara  DIvlalon  (Cornwalll.  (Date:  18-5-1991) 

Company  0000140301 '— 

Cnlf  pt    01  Prod            ai  Prod  Av.  flow  SODS  AOX 
T/day          T/day m3/tonne         Kfl/ionne          Kg/lonne 


Date 

Jan/90 

705 

Feb^O 

715 

Mar/90 

754 

Apr/90 

724 

May/90 

724 

Jun/90 

735 

3IsI  May  1991 

COD 
Kg/lonne 


DOC 
Kgilonne 


roc 

Kg/lonne 


TSS 

Kgflonne 


COD/AOX        COD/BOO 


410 

177  45 

365 

171  64 

439 

169  66 

381 

165  16 

421 

172  48 

433 

179  09 

364 
32  3 

28  0 

26  1 

27  1 
30  4 


1  1 
09 

1  0 
0  7 

0  9 

1  1 


109.3 
1008 
79  7 
70  1 
60  8 
82  8 


00 


15,7 

103 

3  0 

15.3 

109 

3  1 

13-6 

82 

28 

12.0 

101 

27 

11  5 

BS 

3.0 

16  1 

72 

27 
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N,  McCiJ:t)inCon3ultont3  Inc- 


BAT  Delinabn  Study.  Pulp  and  Paper  SeOor 


Tabl*  3b.  Exlraciabl*  b«»>  mulrala  {ATG18).  Domlar  Inc..  Flna  PapT»  DlvUton  (Cornwalt).  {Daf :  le-S-tgfll) 

Company  0000140301  1 -Methyl-  2-Melhyl-  l-Chloro-  2-CWoro-  Benz[a]-  Dibenz[a] 
Cnir  pt  01  Prod  Daily  flow  Naphthalene  naphihalena  naphlhatene  naphltiatene  naphthalene  Anthracene  anthracene  anthracene 
^^day m3/(Jay mg/tonne         mfl/tonne         mg/tonne         mg/tonne         mg/tonne         mg/ionne         mg/lonne         r^a/lonne 


r^g/tc 


Date 

Jan/dO 

766 

128,000 

1433 

FeU90 

838 

122,000 

786 

Mar/90 

742 

122,000 

Apr/90 

502 

138,000 

May/90 

679 

119,000 

1016 

Jun/90 

811 

134,000 

267 


150 


Company  0000140301  Phenan-  Acenaph-         Acenaph-       S-Nrtro-ace-  Fluor-  Benzfb]-  Benztk) 
Cnirpi     01  Prod             Daily  (low             ihrene                ihono               ih/lene           naphlhene         Chrysene           anlhene        (luofanihene    lluoranthene        Fluorene 
T/day          m3/d8y mg/lonne         mg/ionne         mg/lonne         tng/ionne         mg/tonrw         mqAonne         mgAonne         mg/lor>ne         mg/tonne 


Date 

Jan/dO 

768 

128.000 

2163 

Fab/90 

83B 

122,000 

699 

Mar/90 

742 

122,000 

Apr/90 

502 

138,000 

797 

May/90 

679 

119,000 

3137 

Jun/90 

811 

134,000 

3288 

633 

300 


892 


183 


298 


1500 
160 


841 
793 


Company  0000140301  Benz[a]-      ideno[1 ,2,3-Cd  Benz[g,h,i]- 

Cnir  pi    01  Prod            Daily  (low  Pyrene  pyrene  pyrene  Perylene  perylene  Indole  Camphene 
T/day          m3/day mg/lonne         mg/ionne         mgAonne         mg/tonne         m^/lonne         mg/tonne         mg/tonne 


Dale 

Jan/90 

768 

126,000 

1100 

Feb/90 

838 

122  000 

102 

Mar/90 

742 

122,000 

Apf/90 

502 

138,000 

May/9D 

679 

119,000 

491 

Jun/90 

811 

134.000 

413 

933 


Tabia  4b.  Acidic  axiraclabtaa  [ATG20).  Domtar  Inc..  Fina  Pap»r»  DIvialon  (Cornwall).  (Date:  16-5-1691). 

Company  0000140301  4-ChlofO- 
Cnirpt  01  Prod  Bl  Prod  Daily  (low  Phenol  m-Cresol  o-Cresol  p-Cresol  2,4-xylenol  m-cresol 
T/day T/day m3/clay            mg/lonr>e          mg/tonne          mg/lonne          mg/tonne          mg/tonna          mg/tonne 


Date 

Jan/90 

705 

425 

128,000 

33,770 

FBb/90 

715 

447 

122,000 

18.781 

Mar/90 

754 

373 

122,000 

18,111 

Apr/90 

724 

445 

138,000 

27,647 

May/90 

724 

379 

119.000 

3,222 

Jun/90 

735 

445 

134.000 

13.973 

1,489 


1,058 


2-Chloro-      2,4-Dichloro- 

phenol  phenol 

mg.^ionne         mg/tonne 


Company  00(K)140301 

Cntf.pl    01      Prod           Bl  Prod         Daily  Dow 
T/day T/day m3/day 


Date 

Jan/90 

705 

425 

126,000 

Feb^O 

715 

447 

122,000 

Mar/90 

754 

373 

122,000 

Apr/90 

724 

445 

138,000 

May/90 

724 

379 

119,000 

Jun/90 

735 

445 

134,000 

2.6-DichiofD-        2,3,4-Tri-  2,3.5- Tn-  2,4,5-Tri-  2,4,6-Tfi-      2,3,4,5-Tetra-  2,3,4, 6-Tetra-  2,3,5,6-Teira- 

phenol         chlorophsnot    chlorophenol    chlorophenol    chlorophend    chlorophenol    chlorcphenol    chlorophenol 
mg/lonne         mg/tonne         mg/ionne         mg/lonne         mg/lonne         mg/tonne         mg/tonne         mg/lonne 


Company  0000140301 

Penia- 

4-N(lro- 

2,4-Dinilro. 

Cnir  pi    01       Prod 

Bl  Prod 

Daily  How 

chlorophenol 

phenoi 

phenol 

T/day 

T/day 

m3/day 

mg/lonne 

mq/ionne 

mq/tonne 

Date 

Jan/90 

705 

425 

128,000 

Feb/90 

715 

447 

122,000 

Mar/go 

754 

373 

122,000 

Apr/go 

724 

445 

138.000 

May/90 

724 

379 

119,000 

Jun/90 

735 

445 

134,000 

31SI  May  1991 
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MiHIO 


N.  McCitbin  Con8Ularl9  (ngr 


BAT  Definitton  Study.  Pub  and  Paoer  Sedof 


T>bl»  Sb.  Chtoflnalad.  n»ulr»l»  (ATG(23).  Domlar  Inc..  Fln»  P«p»r»  DIvttlon  (Cornwall).  (Dal»:  1B-5-1991). 

Company  0000140301  HgxachlofO-  Haxachloro-  Hgxachloro-  l  2,3-TrK;hlofol  ,2,4-TricWoro?.4>Tfichloro  1 ,2.3,4-Teira- 1 ,2,3,5-Tslra- 
Cnir  pt  01  Bl  Prod  Daily  (low  slhane  butadiene  yclopsniadien  benzene  benzene  toluene  ^hlorobenzenechlorobenzene 
T/day          m3/day          mg/tonne         mflflonne         mg/ionne         mg/lonne         mg/tonne         mg/tonrw         mH/tonne         mg/lonne 


Dale 
Jan/90 
Feb/90 
Mar/90 
Apr/90 
May/90 
Jun/90 


425 
447 
373 
445 
379 
445 


128.000 
125,000 
122,000 
138.000 
119.000 
134,000 


2,1 
23 


Company  0000140301 

1. 2,4,5- TaKa- 

P«nni- 

H*H- 

Octachloro- 

Cnir  pt    01 

Bl.Prod 

Daily  flow 

CtllWDlMfUWW 

cAloiabMiana 

chlof  o6*nz  ««i« 

Gtyrane 

T/day 

m3/day 

mg/ionne 

mg/lonne 

mq/iofine 

mg/tonne 

Dale 

Jan/90 

425 

128.000 

- 

- 

Feb/90 

447 

125.000 

- 

. 

Mar/90 

373 

122,000 

- 

- 

Apf/90 

445 

138.000 

- 

May/90 

379 

119.000 

- 

- 

Jun/90 

445 

134,000 

- 

Table  6b.  Chlorlnaled  dtoxlne.  dlbenzofurartet  and  PCB'a  (ATG(23).  DoitiUr  Inc.,  Fine  Papers  DIvUlon  (Cornwall).  (D«l»:  16-5-1991). 

Company  0000140301  2.3,7,8-  Total  Total  Tolal  Total  Total  Total  Total 

Cntrpi    01    Bf  Pfod     Daily  How  TCOD  TCDD  TCDF  PCDD  POOF  HxCOO  HxCDF  HpCDO 

T/day  m  3/0  ay  pglonne ijgtonnB  tiglonne  ijfltonne MH'onne M3io"ne  tjgtonne pgtonne 


Dale 

Jan/90 

425 

128,000 

Feb/90 

447 

125,000 

Mar/90 

373 

122,000 

Apr/90 

445 

138,000 

May/90 

379 

119,000 

Jun/90 

445 

134,000 

7,5 

8.2 

13.4 

2.8 

4  7 
29  e 


tBVS 


Company  0000140301 

Total 

Total 

Cntrpt  ,  01    Bl.Prod     Daily  (low 

HpCDF 

OCDO 

OCOF 

PCB's 

T/dav          m3/day 

gg/lonns 

ug/Tonne 

Ug/tonne 

UQ/tonne 

Dale 

Jan/90 

817 

128.000 

Feb/90 

- 

125,000 

Mar/so 

- 

122,000 

Apr/90 

- 

138,000 

May/90 

- 

119,000 

Jun/go 

- 

134,000 

26.6 
32  6 
67  1 
114.7 
31  1 
72  3 


TabU  7b.  Fatly  and  reain  adds  (ATG  26).  Oomlar  Inc..  Fine  Papere  DIvlalon  (Cornwall).  (Dala:  18-5-1991). 

Company  0000140301                                                     Oleic              Plmaric             Abietic            Dehydro-         Isopimanc       Levopimafic      Neoabieiic 
Cntrpt.  01      Pfod           Bl  Prod          Daily llow             acid                 acid                 acid            abielicacid            acid                 acid  acid 
T/day T/day m3/day g /tonne g/lonna g/lonne g/lonne g /tonne g /tonne 5nonn9 

11.4 
4.1 

13,7 

15  7  4 

18  S 


Dale 

Jan/90 

705 

425 

128,000 

3  6 

2.2 

47  2 

64  4 

1  8 

Feb/90 

715 

447 

122,000 

12 

- 

18  4 

71  8 

Mar/90 

754 

373 

122.000 

20  1 

15.5 

899 

13 

Apr/90 

724 

445 

138.000 

28  6 

1  0 

49  2 

79  7 

1  9 

May/90 

724 

379 

119.000 

3.1 

08 

10  0 

72  8 

Jun/90 

735 

445 

134,000 

11  1 

1  8 

40  7 

94  2 

1  8 

Company  0000140301 

Chlorodehydroi 

chlorodehydrt 

Tocai  resin 

Total  resin 

Total  resm 

Cntt  pi    01 

Prod 

Bl  Prod 

Daily  (low 

abietic  acid 

abietic  acid 

acids 

acids 

acids 

T/day 

T/day 

m3/day 

g/tonn© 

g/lonne 

g/lonne 

Kg/dj 

r 

mg/l 

Date 

Jan/90 

705 

425 

126.000 

14  2 

62 

136 

96 

0  75 

Feb/90 

715 

447 

122,000 

2  7 

6  1 

96 

69 

0  56 

Mar/90 

754 

373 

122,000 

6  5 

3  9 

111 

84 

0  69 

Apr/go 

724 

445 

138,000 

124 

24 

153 

111 

0  80 

May/90 

724 

379 

119,000 

9  7 

2  4 

98 

71 

0  59 

Jun/90 

735 

445 

134,000 

25  6 

4  3 

173 

127 

0  95 

Values  (or  dehydroabietic  acid  and  dichlorodet^dtoabielic  acid  are  moniniy  averages 


31 3t  May  1991 
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N.  McCJ±in  CoosJartB  Inc. 


BAT  Definilion  Sludv.  Pub  and  Paper  Sedor 


Tabl>  Bb.  Mttali  (ATG  9  t12).  Domiar  Inc.,  Ftir  Pap»f  Dlvltlon  (Cornwall).  (Dat»;  18-5-1»81l. 

Company 

0OOO14O3C      Prod         Daily  How        BeryNum         Aluminium          Copper               Zinc             Chromium            Nickel         Molybdenum         CobaJl 
T^day  m3/day g/lonne g/lonne g/ionne g/ionne fl/ionne g/lonne g/lonne gAonne 


Dale 

Jan/90 
Feb/90 
Mar/90 
Apr/90 
May/90 
Jun/90 


768 
838 
742 
502 
679 
811 


128,000 
125,000 
122,000 
138,000 
119,000 
134,000 


192 

lao 

412 
211 
231 


1.5 
1.6 
2.7 
1.« 


6;1 
S2 

78 

11  3 
70 
57 


5.5 
3  5 
3  3 


Company 

00001 403C 

Prod 

Daily  tlow 

Vanadium 

Silver 

Lead 

Cadmium 

Thallium 

Mercury 

T/dav 

m3/dav 

g/tonne 

g/lonne 

g/ionne 

flflonne 

g/lonne 

fl/tonne 

Dale 

Jan/90 

768 

128.000 

- 

. 

, 

, 

0  02 

FebflO 

838 

125,000 

2  9 

- 

_ 

o.se 

. 

Maf/90 

742 

122,000 

- 

- 

_ 

, 

. 

Apf/90 

502 

138,000 

55 

- 

. 

. 

, 

. 

May/90 

679 

119,000 

. 

- 

. 

. 

. 

. 

Jun/90 

811 

134,000 

- 

- 

. 

. 

Values  lor  alummium  and  zink  are  monthly  averages 


31sl  May  1991 
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Min  10 


Average  flow.  Production  and  Conductivity  data  from  Domtar  Inc..  Fine  Papers  Division  (Cornwall), 

Control  point  0100  (13-5-1991). 
m3/day       Vday  ps/cm 

160000    T  1500  r4000 


120000    - 


80000    - 


40000 


1000 


■V 


-3000 


-2000 


-1000 


1/Jan/90      31/Jan/90      1/Mar/90     31/Mar/90    30/Apr/90     30/May/90    29/Jun/90 

TSS,  COD  and  BODS  data  from  Domtar  Inc.,  Fine  Papers  Division  (Comwall). 

Control  point  0100  (13-5-1991). 
kg/tonne 
200   -, 


"^         I  I  I* — * — I 1 , — 

1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

Bl.  Production  and  AOX  data  from  Domtar  Inc.,  Fine  Papers  Division  (Cornwall), 
Control  point  0100  (13-5-1991). 
Vday 
600   -, 


400  - 


200  - 


0 


1  •■"•".  J  ■!' 


kg/tonne 

r3 


-2 


■t  »■    fc"  ■    ■!     ■      I 


I  . 


- 1 


0 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


Average  flow 

Conductivity 

Production 


—  COD 
--  TSS 
■  BOD5 


MILL  10 


N.  McCitbin  ConsJarts  Inc. 


BAT  DeHnMion  Study.  Pub  and  Paper  Sedof 


TibU  lb.  Halogvnatad  volatflcB  (ATGie). 

DomtBf  Inc. 

Coniainviboard  Division  (R«d  Rock).  (Dat*:  e-S-lSBl). 

Company  0000140202                               Chloro- 

C  hi  0(0- 

Bromo-            Bromodi-           0«chlofO-        1 ,1  -Dichloro-    1 .2-Dlchloro- 

l.l-Oichloro- 

Cnlr  pt    01     Bl  PfOd      Dairy  How           melhane 

eihylene 

meifiane     :Hiloromethane     methane          ethane            ethane 

ethylene 

T/day          m3/day          mg/ionne 

mg/tonne 

mg/ionne         mg/ionne         mg/tonne         mg/tonne         mg/ionne 

mg/ionne 

Jan/go 

54 

103,710 

Feb/90 

57 

93.900 

Uar/90 

62 

100.280 

Apr/90 

57 

97,735 

May/90 

79 

97,375 

Company  0000140202 

trans- 1.2-Di-   1.2-Dicliloro- 

cis-1 .3-Di- 

trans-1,3-0i- 

Dibromo- 

Trjchloro- 

Dibromo- 

Tribromo- 

1,1,2-Tfi- 

Cnir  Dt    01     Bl  Prod      Daily  flow 

■hloroelhylene       propane 

■hloropropyten 

-hlofopropyleni 

elhylene 

melhane 

rhloromelhana 

melhane 

chloroethane 

T/day         mS/day 

mg/tonne         mgAonne 

mq/tonne 

mg/ionne 

mg/ionne 

mg/lonne 

mq/lonne 

mg/ionne 

mg/tonne 

Jan/90 

54 

103.710 

Feb/90 

57 

93  900 

Mar/90 

62 

100.280 

Apr/90 

57 

97,735 

May/90 

79 

97,375 

172.593 
116,475 
268,607 
324,078 
228,319 


Company  000014O202 

Trichtoro- 

Tnfluoro- 

Tetrachloro- 

1,1,2,2-Tetra- 

Telrachlofo- 

Chlofo- 

1,2-Dichloro- 

1 ,3-D(chloro- 

1.4-Dichloro- 

Cnlr  pi    01    Bl  Prod     Daily  flow 

ethylene 

chloroin«than* 

methane 

chloroeihane 

ethylene 

benzene 

benzene 

benzene 

benzene 

T/day          ms/day 

mg/ionne 

mq/lonne 

mg/tonne 

mg/lonne 

mg/lonrw 

mg/lonne 

mq/lonr>e 

mq/lonne 

mq/tonne 

Jen/90 

54 

103,710 

Feb/»0 

57 

93,900 

Mar/so 

62 

100,280 

Apr/90 

57 

97,735 

May/90 

79 

97,375 

Table  2b.  HonhaloganaUd  volatilea  (ATG17).  Domlar  Inc..  Conlainarboard  DIvialon  (Red  Rock).  [Date:  8-5-1991). 

Company  0000140202 

Cnlr  pt,  01  Prod            Daily  llow  Styrene  Benzene        m,p-Xylene        o-Xylene  Toluene 
T/day m3/day mg/tonne          mg/tonne          mq/ionne          mg/lonne          mg/tonne 


Date 

Jan/90 

937 

103,710 

Feb/90 

940 

93,900 

Mar/90 

792 

100,280 

Apr/90 

877 

97,735 

May/90 


887 


97.375 


Table  9b.  Inorganic*  (ATG  3,  4,  6,  7  &  15).  Domlar  Inc.,  Containerboard  Division  (Red  Rock),  (Data 

8-5-1991 

Company  0000140202 

Cnirpt    01  Prod             Av    llow                   pH             Conductivity      NH3  +  NH4         N02+N03           Total-N              Total-P 

Sulphide 

T/day          m3/day                                       ys/cm             q/tonne            q/ionne            g/ionna            g/lonne 

g/lonne 

Date 

Jan/90 

783 

96,528 

8  5 

660 

44 

25 

163 

27 

30 

Feb/90 

793 

92,311 

9  5 

751 

19 

15 

128 

23 

356 

Mar/90 

835 

94,978 

8  7 

689 

91 

14 

296 

23 

14 

Apr/90 

870 

97,100 

8  7 

768 

48 

8 

201 

22 

5 

May/90 

829 

94,912 

8  5 

769 

46 

7 

252 

34 

9 

Jun/go 

804 

95,070 

a  0 

689 

- 

- 

. 

Table  10b.  Group  and  unapacHlc  vanablaa  (ATG  1,  5.  8,  PPl-3).  Domtar  Inc..  Contalnerboard  DIvialon  (Red  Rock).  (Daia:  8-S-1991) 

Company  0000140202 

Cnir  pt    01  Prod             Bl  Prod  Av   llow  BOD5  AOX 
T/day          T/day m3/tonne         Kg/ionne          Kg/tonne 


Kg/l 


COD 

onne 


J<a 


DOC 
/lonne 


J<2 


TOO 
/lonne 


Kg/1 


TSS  COD/AOX         COD/BOD 

onne 


Dale 

Jan/90 

783 

Feb/go 

793 

Mar/90 

835 

Apr/90 

870 

May/90 

829 

Jun/90 

804 

3181  May  1991 

54 

123  23 

67 

116  44 

62 

113  71 

57 

111  55 

79 

114  43 

62 

118  23 

17  3 
22  1 
19  7 
19  4 
19  3 
17  1 


3,6 

2  4 

3  0 
32 
2,1 


46  6 

48  9 
56  7 
51  7 
54  2 
51  0 


7,1 

13 

2  7 

7.2 

20 

2  2 

7.JB 

18 

2  9 

7.6 

16 

27 

8.7 

&e 

2  8 

72 

3  0 

-22- 


Mini 


N.  McCUbbin  Coreularts  Ing, 


BAT  Delinition  Study.  Pub  and  Paper  SetJW 


Tabl>  3b.  E](U«ci»bl»  bat»  n»ulr»lt  (ATG1g).  Domiar  Inc.,  Contalmrboatd  DIvltlon  (fl«d  Rock).  (D»l»:  »-5-1981). 

Company  0000140202  1-Meihyl-  2-M9lhyl-  1-Chloro-  2-Chloro-  Benz[a]-  Dibanzfa) 
Cnlr  pi  01  Prod  Daily  flow  NapMhalene  naphthalena  naphihatene  naphlhalene  naphlhalena  Amhracene  anthracene  anthracane 
V^31 "'^^^^y mg/tonne         mg/lonne         mg^onne         mg/ionne         mg/lonne  mg/lonne         mq/ionne         mg/tonne 


Dais 

Jan/90 

937 

103.710 

- 

FebiflO 

940 

93,900 

. 

Mar/90 

792 

100,280 

- 

Apr/90 

877 

97,735 

- 

May/so 

887 

97.375 

- 

Company  00001 40202  Phenan-  Acenaph-         Acenaph-       5-Niiro-ace-  Fluor-  Ben2[b]-  Benz|kl 
Cnlf  Dt     01  Prod             Daily  flow             (hrene                ihene               Ihytene           naphihen©         Chrysona           anihane        lluoranthene    fluoranthene        Fluorone 
V^EL "^^'''^^y mg/ionne         mg/tonno         mg/ionna         mg/ionne         mg/ionne         mg/tonno         mg/tonne         mg/tonne         mg/loone 


Dale 

Jan/90 

937 

103,710 

Fab/90 

940 

93,900 

Mar/90 

792 

100.280 

Apr/90 

877 

97,735 

May/90 

687 

97.375 

Company  0000140202  Benzla]-     ideno[i.2,3-c-a  Benztg.h.i]- 

Cnirpi    01  Prod            Daily  flow  Pyrena  pyrene  pyrene  Perylene  perylene  Indole  Camphene 
T/day          m3/day mg/tonne         mg/lonrw         mgAonne         mp/tonne         mg/lonne         mg/ionne         mg/tonne 


Date 

Jan/90 

937 

103,710 

Feb/90 

940 

93.900 

Mar/90 

792 

100,280 

Apr/90 

877 

97.735 

May/9Q 

887 

97.375 

TabI*  <b.  Acidic  ■xtraciabUa  (ATG20).  Domlaf  Inc.,  Con1aln«rbaard  DIvlBJon  [R«d  Rock).  (Dale:  8-5-1991). 

Company  0000140202  ^.^^,,0^0.         g^htoro-      2.4-D.chk)r^ 
Cnir  pi    01      Prod            Bl  Prod         Daily  Mow           Phenol            m-Cresol          o-Cresol           p-Cresoi         2,4-xylenol        m-cresol  phenol  phenol 
y^^ li^SX m3/day           mg/ionne         mg/ionne         mg/ionne  mg/tonne         mg/tonne         mg/lonne         mg/ionne         mg/tonne 


Dale 

JBn/90 

937 

Feb<90 

940 

Mar/90 

792 

Apf/90 

877 

May/90 

887 

54 

103,710 

57 

93.900 

62 

100,280 

57 

97,735 

79 

97,375 

340 
671 
323 
516 


Company  0000140202 

Cnir  pi    01      Prod           Bl  Pfod         Daily  llow 
T/day T/day m3/day 


Date 

Jan/90 

937 

Feb/go 

940 

Mar/90 

792 

Apr/90 

877 

May/90 

887 

2,6-OichlOfo-       2,3,4-Trh  2.3,5-Tri-  2,4,5-Tri-  2,4,6-Tri-      2,3,4, 5-Tetra-  2,3.4,6-TBtra-  2,3.5,6-Tetra- 

phenol        chlofophenol    chtorophenol   chlofophend    chlorophenol    chlofophend    chlorophenol    chlorophenoi 
mg/lonne         ma/lorne         mg/lonne         mg/ionne         mg/ionne         mg/tonne         mg/tonne         mg/tonne 


54 
57 
62 
57 

79 


103.7)0 
93.900 

100,280 
97,735 
97,375 


6.734 
6.544 
7,163 
6,993 
6.788 


Company  0000140202 

Penta- 

4-NflfO- 

2,4-DiniIro- 

Cnir  pt    01      Prod 

Bl  Prod 

Dajly  flow 

chlorophenol 

phenol 

phenol 

T/dav 

T/day 

m3/dav 

mg/tonna 

mq/ionna 

mg/tonne 

Dale 

Jan/90 

937 

54 

103,710 

FebflO 

940 

57 

93,900 

Mar/90 

792 

62 

100,280 

Apr/90 

877 

57 

97,735 

May/90 

887 

79 

97,375 

31st  May  1991 


-23- 


Miim 


pj.  McCtiton  Consulaits  Inc, 


BAT  Definition  Study.  Pub  and  Paper  Sector 


T»bl»  5b.  Chlofln«f  d.  namr»l«  (ATG{23).  Domiar  Inc.,  Conlain»fbo»rd  Dlvltlon  (R«d  Roch).  (D»f :  8-5-199T1. 

Company  0000140202  Hexachloro-  Hexachloro-  Hexachloro-  i,2,3-Trichlofol.2.4-Tf(chloro?.4,5-Tnchloro-l,2,3.4-T8lra-  1,2,3,5-Teira- 
Cnir  pt.  01  Bl  Prod  Daily  How  eihane  buiadiene  yclopentadien  benzene  benzens  toluene  c:hlorobenzene;hlOfObenzene 
T/day          fn3/day          mg/tonne         mg^onne         mg/ionne         mg/lonne         mg/ionne         mgAonne         mg/lonne         mg/lonna 


Date 

Jan/90 

54 

103,710 

Feb/go 

57 

93,900 

Mar/go 

62 

100.280 

Apr/90 

57 

97.735 

Uay/90 

7a 

97.375 

98 


1129 


9  e 


Company  0000140202 

I.Z,4.S-T»»»- 

PwiM- 

H>i*. 

Ociachloro- 

Cnlf.pt.   01 

Bl  Prod 

Daily  tlow 

chlorDtMnfon* 

btila<ob«f)j(«rt* 

chJo<f>b«nzw>* 

slyrene 

T/day 

m3/day 

mg/lonne 

mg/ionne 

mg/tonne 

mg/tonne 

Date 

Jan/90 

54 

103,710 

- 

- 

- 

Feb/90 

57 

93,900 

- 

14.7 

124  3 

76  9 

Mar/90 

62 

100.280 

- 

- 

13  0 

Apr/90 

57 

97.735 

- 

- 

■ 

- 

May/90 

79 

97.375 

- 

• 

- 

- 

TabI*  6b.  Chlorinalad  dlQxin«,  diberno(urane»  and  PCB't  (ATG(23).  Oomtar  Inc..  ConlalnTboard  Divtelon  (R»d  Rock).  (Dat»:  8-5-1991] 

Company  0000140202                           2.3,7.8-              Total                Total                Total                Total                 Total                Total  TolaJ 
Cntf  pi    01     Bl  Prod      Daily  How             TODD                TCDD                TCDF                 PCDD                 PCDF                HxCDD              HxCDF               HpCDD 
T/day          m3/day           pgtonne           pgtonna           yjglonne           pgtonne           ggionne pglonne pglonna ijgtonne 


Date 

Jan/90 

54 

103.710 

Feb/90 

57 

93,900 

Ma(/90 

62 

100,280 

Apr/90 

57 

97.735 

May/90 

79 

97.375 

Jun/90 

82 

98,170 

Company  0000140202 

Total 

Total 

Cntr  pi    01 

Bl  Prod 

Dally  How 

HpCDF 

OCDD 

OCDF 

PCB^s 

T/day 

m3/day 

|jq/lonne 

pg/ionne 

tjq^onne 

pglonne 

Date 

Jan/90 

54 

103.710 

- 

731  2 

- 

- 

Feb/90 

57 

93.900 

- 

3926 

- 

- 

Maf/90 

62 

100,280 

- 

- 

- 

- 

Apr/90 

57 

97,735 

- 

545  8 

- 

- 

May/90 

79 

97,375 

- 

419  6 

Jun/90 

82 

98.170 

178  9 

labia  7b.  Fatty  and  raaln  aclda  (ATG  26) 

Dcmtar  Inc. 

Contalnarboard  Dlvls 

on  [fled  Rock).  (Data:  B 

5-1BB1). 

Company  0000140202 

Oleic 

Pimanc             Abieiic 

Dehydro-         Isopimanc 

Levopimaric 

Neoabistic 

Cnlf.pi    01      Prod.           Bl  Prod          Daily  How 

actd 

acid                 acid 

abieiic  acid            acid 

acid 

acid 

T/day             T/day              m3/day 

g/tonne 

g/lonne            g/Ionne 

q/lonne            q/tonne 

g/tonne 

g/tonne 

Dale 

Jan/90 

937 

54 

103.710 

65 

14  3 

91  4 

96  3 

27  e 

Feb/90 

940 

57 

93.900 

18  3 

9  3 

87  5 

144  2 

20  8 

Mar/90 

792 

62 

100.280 

7  3 

15  6 

287  2 

181  0 

57  4 

ABr/90 

877 

57 

97.735 

11  8 

12  1 

93  8 

151  2 

23  7 

May/90 

887 

79 

97.375 

4  8 

10  9 

79  5 

126  4 

25  8 

92  9 

87  8 

570  0 

113  0 

87  7 


Company  0000140202 

Ctilofodehydronchiorodefiydrf 

Total 

resin 

TotaJ  resin 

Total  fBsin 

Cmr  pi    01 

Prod 

Bl  Prod 

Daily  How 

abietic  acid 

abielic  acid 

ac 

ds 

acids 

acids 

T/day 

T/day 

m3/day 

g/tonne 

gAonne 

q/tonne 

Kg/day 

mg/1 

Date 

Jan/90 

937 

54 

103,710 

- 

20  2 

324 

304 

293 

Feb/90 

940 

57 

93,900 

- 

199.6 

366 

344 

3  66 

Mar/90 

792 

62 

100,280 

151   4 

30  2 

1127 

833 

6  90 

Apf/90 

877 

57 

97,735 

-. 

23  6 

396 

347 

3.55 

May/90 

867 

79 

97.375 

' 

10.8 

331 

294 

3  02 

VaJues  lor  dehydroabietic  acid  and  dichiorodshydroBbietlc  aod  are  monthly  averages 


31  St  May  1991 


-24- 


MiHH 


N.  McCdbbin  Constfanls  Inc. 


BAT  Delinilion  Sludv.  Pub  and  Paper  Sedor 


T»bl«  Sb.  M»f  r»  (ATG  9  1.12).  Oomlar  Inc..  Cant»ln»fbQ»rd  Dtvltlon  fR«d  Rock).  (Daf :  >-5-l8»1). 

Company 

00001402C      Prod         Daily  flow  Aluminium  Copper  Zinc  Chromium  Nickel         Molybdenum         Cobalt 

-li^SJt m3/day  g/lonnB  g/ionns  g/ronne  g/lonne  qAonne  g/ionne  a^onne  flflonne 


Dale 

Jan/go 

937 

103.710 

FeW90 

940 

93,900 

Mar/go 

792 

100.2B0 

Apf/90 

877 

97.735 

Uay/90 

887 

97,375 

290 
294 
415 
355 
4»S 


3  5 

- 

4  4 

- 

4  5 

- 

5,5 

22 

4  9 

22 

Company 
00001402C       Prod 

T/day 


Daily  flow 
m3/day 


Vanadium 

g/ionnc 


Silver 

fl/Tonne 


Date 

Jan/go 

937 

103,710 

FelV90 

940 

93,900 

Mar/90 

792 

100.280 

Apr/90 

877 

97,735 

May /SO 

887 

97,375 

Lead 

fl/lonne 


Cadmium 
g/iofine 


Thallium 

g/lonne 


Mercury 

g/lonne 


Values  for  aluminium  and  zink  are  monihly  averages 


3l3lMay  1991 


-2S- 


MiOII 


Average  flow,  Productkxi  and  Conductivity  data  from  Domtar  Inc.,  Containerboard  Division  (Red  Rock), 

Control  point  0100  (13-5-1991). 
m^/day      t/day  \iS/cm 

120000    -r  1500  ^4000 


-3000 


^i/^V 


40000    -    500 


H 


/ 


Vln.r 


r  .fu  4%h^ 


W",  m 


V  ! 


iif  I  'rt 


20000 


f     i 

I  ,.-  '''"*•.'.  ','   '-     "^  y   "'"^ ''•''*'.' /'i^/''       '•'^- 


-2000 


-1000 


'   I    ■         '        I 1 1 1 ~~" 

1/Jan/90      31 /Jan/90       1/Mar/90     31/Mar/90     30/Apr/90     30/Mgy/90    29/Jun/90 

TSS,  COD  and  BOOS  data  from  Domtar  Inc.,  Containerboard  Division  (Red  Rock), 
Control  point  0100  (13-5-1991). 

kg/tonne 
160   , 


120    . 


80  . 


40   . 


U  A  "  JF  rk 


■  '  »■  *  rii" '*  •*  ji  Jf  /;,■  ••;>  ■•■* .  *%  ^ 


1  /Jan/90      31 /Jan/90      i  /Mar/90     31  /Mar/90    30/Apr/90     30/May/90    29/Jun/90 

Bl.Production  and  AOX  data  from  Domtar  inc.,  Containert»ard  Division  (Red  Rock), 
Control  point  0100  (13-5-1991). 

t/day  kg/tonne 

100  1  riO.OO 


-a.  00 


-6.00 


-4.00 


-2.00 


0.00 


—  Average  f  tow 

-  -  Conductlvtly 
— ■  Productkyi 


—  COD 
--TSS 
■  BODS 


—  Bl.Production 
■  AOX 


1  /Jan/90      31  /Jan/90       l  /Mar/90     31  /Mar/90     30/Apr/90     30/May/90    29/Jun/90 


N-  McQAbinCon&ulante  Inc. 


BAT  Defirmion  Study.  Pub  and  Paper  Sador 


TabI*  lb.  Haloganaf  d  volatile  (ATG1S).  E.B.  Eddy  For«»t  Produola  Lid-  (Eipanola).  (D«f :  3-5-1881). 

Company  0000980003  Chloro-  Chloro-  Bromo-  Bfomodi-  Dichloro-       1,1-Dicfiloro-    1,2-Dlchtoro-    l.l-Dichloro- 
Cnir  pi    01  Bi  Pfod        Daily  (tow          meihane          ©thylena          methane     :hlofomeifiane      methane  ethane  ethane  ethylene 
T/day          m3/day          mg/tonne         mfl/tonne         mg/tonne         mp/Tonne         mg/lonne         mg/tonne         mg/tonne         mg/ionne 


Jan/90 

1,067 

102,035 

. 

FetV90 

1.136 

100.407 

610 

442 

Mar/9a 

183 

32,733 

2.146 

1.S20 

Apr/90 

8S2 

109,670 

- 

267 

May/90 

976 

120.205 

- 

. 

Jun/90 

1.156 

117.518 

. 

. 

696 


1,861 

246 

14.232 


130 


Company  0000980003  trans-1,2-Di-    l.2-Dichtoro-      cis-l,3-Di-      irans-l.3-Di-       Dibromo.  Tnchtoro-  Dibromo-  Tribfomo-  i.l,2-Tri- 
Cnlf  pt    01 81  Prod        Daity  flew     jhloroelhylenA      propane      ^hloropropyten.-hloropropylen.      ethylene          methane     trhlofo methane      methane       ctiloroethane 
T/day          m3/day         mg/tonne         mg/lonne         mg/ionne         mg/lonne         mg/lonne         mg/ionoe         mg/lonne         mg/tonne         mg/ionne 


j8n/90 

1.067 

102.035 

Feb/90 

1.136 

100,407 

Mar/90 

183 

32.733 

Apr/90 

662 

109.870 

May/90 

976 

120.205 

Jun/90 

1.156 

117,518 

4,112 
1,282 
2.003 
1.233 
2.094 
701 


Company:  0000980003  Tnchtoro-         Trifluoro-        Teirachloro-   -.1 .2.2-TBlra.   Tetrachloro-         Chloro-        1.2-Oichtoro-    1 ,3-Dichloro-    1,4-Dichloro- 
Cnir.pt    01  BI  Prod        Daily  flow  ethylene        cMuom.ih^.        methane       chloroelhane       ethylene  benzene  benzene  benzene  benzene 
JI^ mS^daj; mg/tonne         mg/ionne         mgAonne         mg/tonne         mg/lonne         mg/lonne         mg/lonne         mg/lonne         mg/tonne 


Jan/go 

1,067 

102,035 

FebAO 

1,136 

100.407 

Mar/90 

183 

32,733 

Apr/90 

682 

109,870 

May/90 

976 

120.205 

Jun/90 

1.156 

117,516 

194 


Table  2b.  Nonhalogenaud  velatlUe  (ATG17).  E.B.  Eddy  Forest  Pfoducte  Lid.  (Eepanola).  (Dale:  3-5-lftBl). 

Company  0000980003 

Cnirpt,  01  Prod  Daily  flow  Slyrene  Benzene        m,p-Xylene        o-Xylene  Toluene 

T/day  m3/day mg/tonna         mg/ionne         mg/tonne         mg/ionne         mg/ionne 


Date 

Jan/90 
Feb/90 
Mar/90 


1.067  102,035 

1.136  100,407 

183  32.733 


33 


Apr/90  882  109,870 

May«0  976  120,205 

Jun/90  1,156  117,518 


411 
20 


406 


78 
102 


79 

40 


Table  9b.  tnorganlce  (ATG  3,  4.  «,  7  *  15).  E.B.  Eddy  Foraai  Ptoducle  Ltd.  (Eapanola).  (DaU:  3-5-19911. 

Company  0000980003  

Cnirpi    01  Prod            Av    ttow                 pH            Condiidivity      NH3  +  NH4        r402+N03  Total-N  Total-P  Sulphide 
Ii5SI m3Jd&y ps/cm g/ionne            g/tonne            g/tonne            q/tonne  g/ionne 


Date 

Jan/90 

1.064 

104.031 

FebfliO 

1.072 

97.565 

Mar/90 

1.067 

97,115 

Apf/90 

757 

58,330 

May/90 

1.041 

114,852 

Jun/90 

1,092 

118.824 

6  9 

6  7 

76 

7  8 
7.6 
7  4 


1490 
1424 
1789 
1632 
1319 
1371 


61 
8S 
96 
96 


1 
10 
10 
10 


175 
510 
216 
331 


44 
68 
35 
50 


959 

12 
17 
15 
8 
6 


Tebte  10b.  Croup  and  unapeclHc  varlablee  (ATG  1.  5.  6.  PPI-S).  E.B.  Eddy  Foreal  ProducU  Ltd.  (Eapanolal.  (Dale-  3-5-19911 

Company  0000980003  '  ~      '  

Cnirpt    01  Prod             BI  Prod                Av  flow              BOD5                 AOX                   COO                   DOC                  TOC                   TSS              DOC/AOX         DOC/BOD 
T/day  T/day m3/lonna         Kg/lonne         Kg/lonne         Kg/tonne  Kg/lonne  Kg/ionne  Kg/tonne        


Date 
Jan/90 
Feb^O 
Mar/90 
Apr/90 
May/90 
Jun/90 


1,084 
1.072 
1.067 
757 
1,041 
1.092 


1.084 
1.069 
1.067 
303 
1.040 
1,092 


95.93 
91.01 
90  98 
77.09 
110  32 
108  83 


2.4 
18 

SO 
10 
IB 

1  4 


0  7 
0.9 
09 
13 
08 
08 


11  2 

10.8 

13  3 

62 

11.5 
11.2 


3,7 
2.S 
3.7 

1.1 
2.1 
28 


16.1 

12.1 

14.7 

6.4 

14.6 

14  7 


4.8 

5.8 
6.5 
82 
64 

60 


3l9t  May  1991 
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Mill  1 4 


N.  MoCii±in  Consufcinia  Ing, 


BAT  Definilion  Study.  Pu^?  and  Paper  Sedpr 


TabU  3b.  Exlraclabl*  b»»«  n^uUa l»  (ATG1B).  E.B.  Eddy  For»»l  Product*  Ltd.  tE«panola).  (Daf :  3-5-1991). 

Company  0000980003  l-Meihyl-  2-Meihyl-  1-Cfiloro-  2-Chloro-  Benz[a]-  Oibanzla) 
Cntr.pl  01  Prod.  Daily  flow  Naphlh^ene  naphthalene  naphthalene  naphthalene  naphthalene  Anthracene  anthracene  anthracene 
T/day m3/day mg/lonne         mq/lonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/lonne         mg/lonne 


Date 

Jan/90 

1,067 

102,035 

Feb«0 

1.136 

100,407 

Mftr/90 

163 

32,733 

Apr/90 

882 

109,870 

May/90 

976 

120,205 

Jun/90 

1,156 

117,518 

Company  0000980003 

Phenan- 

Acenaph- 

Acenaph- 

5-Nitro-ace- 

Fliior- 

Benztb]- 

Benz|k] 

Cmr  pi     01  Prod             Daily  flow 

ihrane 

ihene 

thytene 

naphthena 

Chtysena 

anlhene 

tluo  rant  hens 

tluoranihene 

Fluorane 

T/day          m3/dav 

mg/lonne 

mg/tonrte 

mg/tonne 

mg/tonne 

mq/tonne 

mg/ionrw 

mg/lofine 

mg/tonne 

mgAonne 

Date 

Jan/90 

1,067 

102,035 

F«b/90 

1,136 

100.407 

Mar/90 

183 

32.733 

Apr/90 

882 

109.870 

May/90 

976 

120.205 

Jun/90 

1,156 

117,518 

25 


Company  00OO9SOOO3 

Benz|a)- 

idenoll  .2.3-cc) 

Beni[g,h.i)- 

Cntr  pt    01  Prod            Daily  flow 

Pyrene 

pyrene 

pyrene 

Perylene 

perylerw 

Indole 

Camphene 

T/day          m3/day 

mg/ionne 

mg/ionne 

mg/tonne 

mgAonrw 

mg/tonne 

mg/tonne 

mg/lonne 

Dale 

Jan/90 

1,067 

102,035 

Feb/go 

1.136 

100,407 

Mar/so 

163 

32,733 

Apr/90 

682 

109,870 

May/90 

976 

120,205 

Jun/90 

1,156 

117,618 

1109 


61 


Table  4b.  Acidic  •xtrac1«bl««  (ATG20}.  E 

B.  Eddy  Forett  Products  Ltd.  (Espanola).  (Data:  3-5-1901}. 

Company.  0000960003 

4-Chloro- 

2-Chloro- 

2.4-Dichlofo- 

Cnir.pl,:  01      Prod           Bl  Prod         Dally  flow 

Phenol            m-Cresol          o-Cresc^           p-Cresol         2.4-xylenol 

m-cresol 

phanol 

phenot 

T/dav            T/day            m3/day 

mg/tonne         mq/tonne         mg/tonne         mg/tonne         mg/tonne 

mg/tonne 

mg/tonne 

mg/tonne 

Dale 

Jan/90 

1,067 

1,067 

102,035 

F6b/90 

1,136 

1.136 

100,407 

Mar/90 

183 

163 

32,733 

Apr/90 

882 

882 

109.870 

May/90 

976 

976 

120,205 

Jun/90 

1.156 

1.156 

117.518 

99 

71 


406 


197 


209 


212 

51 


Company  0000960003 

Cnlr.pl.:01      Prod            Bl  Prod         Daily  flow 
T/day T/day m3/day 


2,5-Dichloro.       2,3,4-Tri-         2.3,5-Tri-         2,4.5-Tri-  2,4,6-Trl-     2,3.4.5-Te1ra-  2,3.4,6-Tetra-  2,3,5,6-Tetra- 

phenol         chlorophenol    chlofOphenol    chlofophenol    chlorophenol    chlorophenol    chlorophenol    cfilofophenol 
mg/ionne         mg/lonne         mg/ionne         mg/lonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne 


Dale 

Jan/go 

1.067 

1,067 

102,035 

Feb/90 

1.136 

1,136 

100,407 

Mar/90 

183 

163 

32.733 

Apr/90 

882 

S82 

109,670 

May/90 

976 

976 

120,205 

Jun/90 

1,156 

1,156 

117,518 

344 
530 


1,221 
142 


Company  0000960003 

Penta- 

4-Nilro- 

2,4-DinrlrD- 

Cntr  pi    01 

Prod 

81  Prod 

Daity  (low 

chlorophenol 

pheno) 

pner>oi 

T/day 

T/day 

m3/day 

mg/tonne 

mg/ionne 

mg/lonne 

Dale 

Jan/90 

1.067 

1,067 

102,035 

- 

- 

- 

Feb/90 

1,136 

1,136 

100,407 

. 

- 

Mar/90 

183 

183 

32.733 

- 

- 

- 

Apf/90 

882 

662 

109,870 

- 

- 

- 

Mav/90 

976 

976 

120,205 

- 

- 

Jun/90 

1,156 

1,156 

117.518 

112 

- 

3l8t  May  1991 
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T«b[«  5b.  ChloflnaUd.  ntulralt  (ATG(23).  E.B.  Eddy  Forait  Product*  Lid.  (E»pai>oli).  (D»n:  3-5-1BB1). 

Company  0000980003  Hexachtoro-  Hexachloro-  Hexachloro-  l.2.3-Trichlorol,2,4-TricWoro>,4.5-Tfichloro  1.2.3, 4-Telra- 1.2.3,5-T9ira- 
Cnirpt  01  Bl  Pfod  Daity  Ikw  eihana  butadiene  yclopeniadien  benzene  benzene  toluene  =hlofrt)eniene=hlQrobenzene 
11^ m3/dav          mgAonne         mgAonne         mg^onne         mfl/tonne         mgAonne         mgAonne         mg/lonne         mq/tonne 


Date 

Jan/90 

1,067 

102,035 

Feb/90 

1.136 

100.407 

Uar/90 

183 

32,733 

Apr/90 

882 

109,870 

May/90 

976 

120,205 

Jun/90 

1,156 

117,518 

1  6 


1.4 


07 


Company  0000980003  t,2.4,S-T.»^  p«ta- 

Cnir  pt    01    Bl  Prod     Oatly  Ikw       ehiofab«ii*n*     cMwoIwumu 

T/day         m3/dav         mq/tonne        mg/lonne 


Date 

Jan/90 

1,067 

102.035 

Feb/go 

1,136 

100.407 

Ma.r/90 

183 

32.733 

Apr/90 

882 

109,970 

May/90 

976 

120,205 

Jun/90 

1.156 

117.518 

g*>lo*ob*nfffH 

mg/lonne 


Ociachloro- 
etyrene 

mg/lonne 


Table  ttb.  Chlotlnaud  dlo»lne.  dtbenzolur«n>»  and  PCB'b  (ATG(g4).  E.B.  Eddy  Fofl  Pfoducti  lid.  (Eepanola).  (Pate:  3-5-iB9i| 

Company  0000980003                           2,3.7,8-  Total  Total  Total  Total  Total  Total 
Cnir.pi :  01    Bl  Prod     Daily  How            TCOD               TCDD               TCDF 
T/day          mS/day           pgtonne tjgtonne           jjgtonne 


PCDD 
pglonne 


Date 

Jan/90 

925 

B5609 

Febyso 

956 

96.538 

Mar/go 

1,056 

88,928 

Apr/90 

1,051 

111,865 

May/90 

1,125 

118,592 

Jun/90 

1.059 

117,731 

PCDF 
^lgtonf1e 


HxCDO 

Ijgtonne 


HxCDF 
^Jgtonn8 


Total 
HpCDD 
pglonne 


6,0 


10  7 


Company  0000980003  Total 
Cnir  pt..  01    Bl  Prod     Daily  llow           HpCDF  OCOD 
T/day          m3/day          jjg/tonne          ug/lonne 


Date 

Jan/90 

925 

95.609 

Feb/90 

956 

98,536 

Maf/90 

1,056 

88.928 

Apr/90 

1,051 

111,865 

May/90 

1.125 

118.592 

Jun/90 

1.059 

117,731 

Total 
OCDF  PCB'B 

tifl/lonne  pg/tonne 


Table  7b,  Faity  and  realn  aclde  (ATG  26).  E.B.  Eddy  Fon»t  Producia  Hd.  (Etpanola).  (Dale:  3-5-1991). 


Company  0000980003  Oleic 
Cntrpi  01  Prod  Bl.PfOd  Daily  How  acid 
T/day            T/day m3/aay g /tonne 


Date 

Jan/90 

1.067 

1,067 

102,035 

Feb/90 

1.136 

1,136 

100,407 

Mar/90 

183 

183 

32,733 

Apr/90 

662 

662 

109,870 

May /go 

976 

976 

120,205 

Jun/90 

1,156 

1,156 

117,518 

Pimaric 

acid 
fl/lonne 


Abieiic 

acid 
g/tonne 


Dehydro- 

abielic  acid 
g/lonne 


Isoptmanc 

acid 

g/tonne 


Lsvopimaric 

acid 

g/ionne 


Neoabieiic 

acid 

g/lonne 


5  5 


2,1 


0  9 

1  2 
76 
09 
05 
0  3 


3  3 


1.4 


Company  0000980003 
Cntr  pi.  01      Prod           Bl.Prod 
T/day T/day 


Chlorodehydroiichtorodehydrt    Totai  resin        Total  resin 
Daily  flow        abielicacid      abieiicacid  acids  acids 

m3/day g/ionne  g/tonne  g/tonne  Kg/day 


Total  resin 

acids 

mg/1 


Dale 

Jan/90 

1.067 

1,067 

102,035 

- 

0.4 

0  g 

1  0 

0  01 

Feb/90 

1.136 

1,136 

100,407 

- 

0.4 

1.2 

1   4 

0  01 

Mar/9D 

183 

183 

32,733 

- 

21 

76 

1  4 

0  04 

Apr/90 

662 

362 

109,870 

- 

03 

0  9 

0  e 

0  01 

May/90 

976 

976 

120,205 

1.2 

0  5 

85 

8  3 

0  07 

jun/go 

1,156 

1.156 

117,518 

0  4 

03 

0  4 

0  00 

Values  foe  denydnaabieiic  acid  and  dichlorodehydroabielic  actd  are  montnty  avwages 


31st  May  1991 
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TabU  lb. 

M«tai*  (ATG  B  1.12) 

E.B.  Eddy  Fot««1  Products  Ltd. 

(Eapanola) 

{Da1»:  3-5-1991). 

Company 

00009800C 

Pfod          Daily  flow 

Barylium         Aluminium          Copper 

Zinc 

Chromium            NIckei 

Molybdenum 

Coball 

T/day         m3/day 

Q/lonne            g/lonna            g/tonne 

fl/lonne 

g/ionne            g/tonne 

□Aonne 

p/lonne 

Date 

Jan/90 

1,067 

102,035 

FetV9o 

1.136 

100,407 

Mar/90 

1B3 

32,733 

Apr/90 

S82 

109,670 

May/90 

976 

120,205 

Jun/SO 

1.156 

117,518 

66 

1,2 

9.4 

- 

2.8 

60 

- 

11  9 

4  4 

53 

366 

5.0 

55.0 

3  9 

6.8 

116 

ae.1 

3  7 

- 

2.5 

130 

- 

4.2 

- 

- 

58 

1  3 

7  7 

1  4 

4.2 

0.5 


3.9 


1.0 


Company 

0OOO960OC 

Prod 

Daily  flow 

Vanadium 

Silvar 

Lead 

Cadmium 

Thallium 

Mercury 

T/day 

m3/dav 

g/lonne 

q/tonn© 

g/tonne 

q/tonne 

fl/lonne 

g/ionne 

Dale 

Jan/90 

1,067 

102.035 

Feb/go 

1,136 

100.407 

Mar/90 

183 

32,733 

Apr/90 

862 

109,870 

May/9D 

976 

120,205 

Jun/90 

1.156 

117,518 

1  7 
1  1 


87 


05  0.14 

013 

0.2  0  27 


1.34 


8,1 


041 


Values  tor  aluminium  and  zink  are  rnontniy  averages 


31St  May  1991 
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Average  flow.  Production  and  Conductivity  data  from  E.B.  Eddy  Forest  Products  Ltd.  (Espanola), 

Control  point  0100  (14-5-1991). 
m3/day        Vday  ^s/cm 

160000   -r  1500  r4000 


120000   - 


80000   - 


40000    - 


;>' 

*-'•» 

'S 

i' 

»S" 

ii 

**■• 

i 

**l  ■ 

i 

**■  ■ 

1 

"li 

i 

"i* 

1 

'   t 

1 

'   t 

-3000 


-2000 


-  1000 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS,  DOC  and  BODS  data  from  E.B.  Eddy  Forest  Products  Ltd.  (Espanola). 

Control  point  0100  (14-5-1991). 
kg/tonne 
50  n 


40  - 


30  - 


20  - 


10  - 


■■■■ibJb""   »■  iiV 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

Bl.  Production  and  AOX  data  from  E.B.  Eddy  Forest  Products  Ltd.  (Espanola), 

Control  point  0100  (14-5-1991). 
t/day 
1600  -, 


1200  - 


800  - 


400   - 


■  / 


0   » 
1/Jan/90      31/Jan/90       l/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


Average  flow 

Conductivity 

Production 
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T«bU  lb.  Halog»n«Ud  volatn»«  (ATGIB).  Jam»»  Rlvr-Maralhon  Ltd.  (Marathon).  {Data:  e-5-1B81). 


Company  0000850006 

Ctilofo- 

Chlofo- 

Bromo- 

Bromcxli- 

Dtchlofo- 

l.l-Dicnto(0- 

1,2-DJchlofO- 

1.1-Dicnioro- 

Cnlrpt.01    B1  Prod     Daily  flow 

meihane 

ethyiene 

me  thane 

Dhloromettiane 

meihane 

ethane 

ethane 

ethylene 

T/day          m3/day 

mg/tonne 

mg/tonne 

mg/tonne 

mg/tonne 

mg/tonne 

mg/lonne 

mg/tonne 

mg/tonne 

Jan/90 

473 

62,736 

- 

FeCi/90 

447 

63,702 

- 

Mar/90 

492 

61,223 

- 

Apr/90 

368 

56,666 

- 

May/90 

228 

66,695 

Jun/90 

427 

65,366 

168,390 

59.702 


53.054 


Company  0000850008 

trans- 1,2-Di-    1 ,2-Dichtofo- 

ci8-1,3-Di-      lranS'1,3-Di- 

DibroTio- 

Tficriloro- 

Dibromo- 

Tribfomo- 

1.1,2-Tri- 

Cnlf  pt    01    81  Prod     Daily  (low 

:hlofoelhylene      propane 

:hloropropyleni;hloropfOpvlen< 

eihylene 

meihane 

:hloromethane 

meihane 

chloroethane 

T/day          m3/day 

mfl/ionne         mg/tonne 

mg/tonne         mg/tonne 

mg/tonne 

mg/lonne 

mg/ionne 

mg/tonne 

mg/lonne 

Jan/90 

473 

62.736 

Feb«0 

447 

63.702 

Mar/90 

492 

61 ,223 

Apf/90 

368 

58,666 

May/90 

228 

66.695 

Jun/90 

427 

65,366 

225,478 
91.206 
211,543 
207,244 
193,064 
116,342 


46.453 


Company  0000850008 
Cntr  pt    01    Bl  Prod     Daily  How 
T/day  m3/day 


Tfichloro- 
etriylene 
mg/tonne 


Tnlluoro- 

cMoromMhan 

mg/tonne 


Telrachlofo-    l  ,1 .2,2-Teira-    Tatrachloro- 
methane      cMoroethane       elhylene 
mg/tonne         mg/tonne         mg/tonne 


ChlOfO- 
benzene 

mg/ionna 


1 ,2-Dictitoro-    1,3-Dichloro-  1,4-OichlOfO- 

benzene  benzene  benzene 

mg/tonne         mg/tonne         mg/tonne 


Tabta  2b.  Nonhaloganalad  volaHI»B  (ATG17).  James  Rlvar-Marathon  Lid.  (Maralhon).  (Date:  B-5-1891). 

Company  0000850006 

Cntr  pi    olPfod            Daily  llow  Styrene  Benzene        m,p-Xylene        o-Xylene  Toluene 
T/day mS/day mg/ionr>e         mg/ionne         mg/tonne         mg/tonne         mg/ionne 


Dale 

Jan/90 

473 

62,736 

Feb/90 

447 

63,702 

Mar/90 

492 

61,223 

Apr/90 

366 

58,666 

Uay/90 

226 

66,695 

Jun/90 

427 

65,366 

Table  Sb.  Inorqanica  (ATG  3,  4.  8,  7  &  15).  James  RIvef-Marathon  Ltd.  (Marathon).  (Date 

8-5-1991). 

Company  0000650006 

Cntrpt    01  Prod             Av    flow                   pH             Conductivily      NH3*NH4         N02+N03           Totai-N 

Total- P 

Sulphide 

T/day           m3/day                                       ys/cm             g/lonne            g/lonne            g/tonne 

q/lonne 

g/tonne 

Date 

Jan/90 

482 

62,052 

2  9 

2782 

330 

4792 

330 

125 

61 

Feb/90 

458 

60.820 

29 

2350 

466 

33 

473 

90 

56 

Mar/90 

435 

59,667 

3  1 

2242 

306 

34 

250 

116 

12 

Apr/90 

447 

61.676 

29 

2077 

324 

35 

683 

211 

68 

May/90 

272 

61.327 

4  4 

1718 

343 

163 

547 

70 

2372 

Jun/90 

465 

65  580 

3  1 

1860 

370 

35 

416 

62 

13 

Table  10b.  Group  and  unapacHle  variables  (ATG  1.  5.  B.  PP1-3).  Jamea  HI vr- Marathon  Lid.  (Manthon).  (Date:  8-5-1  flfll) 
Company  0000850008 

Cntr.pl..  01  Prod             Prod.  Av  flow  BOD5  AOX  COD  DOC  TOC  TSS 
T/day            T/day m3/tonne          Kg/tonne           Kg/lonne           Kg/tonne          Kg/lonne           Kg/tonne           KgAonne 


COD/AOX       COD/BOD 


Date 

Jan/90 

462 

Feb/90 

458 

Mar/90 

435 

Apr/90 

447 

May/90 

272 

Jun/90 

465 

31st  May  1991 

482 

128.81 

458 

132  80 

435 

137  15 

447 

138  04 

272 

225  87 

465 

141.13 

26  8 

30  0 
27.7 

31  1 
39  2 
26  2 


5  6 
4  6 
5.2 
4,7 
32 
24  6 


1105 
106.5 
105.7 
105,4 
1567 
103  9 


6:2 

19  S 

4.1 

5.5 

»J3 

35 

5;S 

20.4 

3.8 

5.S 

22.4 

3.4 

S.9 

49.4 

4.0 

5  1 

42 

40 

-32- 
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TabU  3b.  E>iir»cl«bl>  ba»»  n«uir«l«  (ATG18).  Jam*!  HIvf-Marathon  Ltd-  (Maralhon).  (Daf :  8-5-1BBH. 

Company  0000850008  1  -Moihyl-         ^-Me^^yl-         1-Chtoro-         2-Chlofo-  B©nz{al-  Dib«nz[a] 

Cmr.pi    01  Prod            Daily  tlow       Naphthalene    naphthalene    naphthalene    naphlhatene     naphthalene     Anthracene      anthracene      anlhracane 
J"^^l ma^daj; mfl/iorna         mq/ionne         mg/ionne         mfl/tonne         mg/ionne         mg/lonne         ma/tonne         mg/tonne 


Dale 

Jan/90 

473 

62.736 

- 

Feb/90 

447 

63.702 

. 

Mar/90 

492 

61,223 

- 

Apr/90 

366 

58.666 

- 

May/90 

228 

66.695 

- 

Jun/go 

427 

65.366 

- 

Company  0O0O8SO008 

Phenan- 

Acenaph- 

Acenaph- 

Cnir  pt    01  Prod            Daily  How 

threne 

thene 

Ihylena 

T/day          m3/dav 

mfl/ionne 

mQ/tonne 

mo/tonne 

Date 

Jan/90 

473 

62,736 

Fab/90 

447 

63.702 

Mar/90 

492 

61 ,223 

Apr/90 

368 

56.666 

May/90 

228 

66,695 

Jun/90 

427 

65.366 

5-Nrtro-aca-  Fluor-  Benz(b]-  Benz[kj 

naphthone         Chrysene  aniheno        tluoranlhene     tluoranthene       Fluorene 

mg/ionne         mg/tonne         mfl/tonne         mg/Tonne         mg/tonne         mg/tonne 


367 


Company  0000850008  Benz[a]-      ideno[1 ,2,3-cd  Benzlg.h.i]. 

Cnlrpi    olPfod            Dally  flow  Pyrene  pyrene  pyrene  Perylene  perylene  Indole  Camphene 
T/day          m3/day mg/tonne         mg/lonne         mg/tonne         mg/tonne         mg/tonne         mg/lonne         mg/ionne 


Dale 

Jan/90 

473 

62,736 

Fab/90 

447 

63,702 

Mar/90 

492 

61 ,223 

Apr/90 

368 

58.666 

May/90 

228 

66.695 

Jun/90 

427 

65.366 

1088 

672 
781 


Table  4b.  Acidic  extractabl**  fATGaO).  Jamaa  RIvar-Marathon  Hd.  (Marathon).  (Data:  B-5-1981). 

Company  0000650006  000 

Cntr.pl    01      Prod  Bl  Prod         Daily  llow  Phenol 


Date 

Jan/go 

473 

Feb/90 

447 

Ma//90 

492 

Apr/90 

366 

May/90 

228 

Jun/90 

427 

4-Chloro-  2-Chloro-      2,4-Dichloro- 

m-Cresol  o-Cresol  p-Cresoi         2,4-Kylenol         m-cresol  phenol  phenol 

Ii^2X li^^X m3/i3ay  mg/tonne         mg/lonne         mgAonne         mg/tonne         mfl/tonne         mg/ionne         mg/lonne         mg/lonna 


473 

62,736 

447 

63,702 

492 

61 ,223 

368 

58,666 

228 

66,695 

427 

65  366 

1.232 


260 


1,408 


Company  0000850008 

Cnlf.pt    01      Prod.           Bl  Prod         Daily  tlow 
T/day  T/day m3/day 


Date 

Jan/90 

473 

Feb/90 

447 

Mar/90 

492 

Apr/90 

366 

May/90 

226 

Jun/90 

427 

2,6-Dichloro-       2,3.4-Tiv  2.3,5-Tn.  2,4,5-Tr..  2,4,6-Tn.      2,3,4, 5-Tetra-  2,3,4,6  Tetra-  ?.3,5,6-Tetra- 

phenol        chlofopherol    chlorophenol    chlorophenol    chlorophenol    chlorophenol    chlofophenoi  chlorophend 
mg/tonne         mg/lonne         mg/ionne         mg/tonna         mg/tonne         mg/tonne         mg/tonne         mg/ionne 


473 
447 
492 
368 
226 
427 


62,736 
63,702 
61.223 
58.666 
66,695 
65,366 


610 


2.232 


345 


Company  0000850006  Penia-  4-Nrtro-  2.*-Dinitro- 
Cntrpl,:01      Prod           Bl  Prod         Daily  Ikw      chlorophenol         phenol  phenol 
T/day            T/day m3/daY           mg/tonne         mgAonna         mp/tonne 


Date 

Jan/90 

473 

473 

62.736 

Febi^o 

447 

447 

63,702 

Mar/90 

492 

492 

61.223 

Apr/90 

368 

368 

58,666 

May/90 

228 

226 

66,695 

Jun/90 

427 

427 

65,366 

191 


31st  May  1991 


-33- 
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T«bl«  5b.  Chlorlnaf  d,  n«mral«  {ATG(23).  Jaiw  Rlv<r-Matathon  Hd.  (Mtfalhon).  (D«t»:  8-5-1991). 

Company  0000650008  Hexachloro-  Hexachloro-  Hexachloro-  l, 2,3-TriChlorol.2.*-TrK:moro?.4,5-TfK:hlorol. 2.3, 4-Teira- 1,2,3, 5-Telra- 
Cnir  pi  01  Bl  Prod  Daily  flow  ethane  butadiene  yclopentadien  benzene  benzene  toluene  shlorobenzeneshlorobenzene 
T/day          m3/day          mg/tonne         mg^onne         mg/lonne         mg/lonne         mgAonne         mgnonne         mg/lonne         madonna 


Date 

Jan/90 

473 

62,736 

Feb/90 

447 

63,702 

Mar/90 

492 

61 ,223 

Apr/so 

366 

58,666 

May/90 

228 

66,695 

427 

65  366 

4.0 


1  8 


6.6 


4  0 


«.a 


0,8 


Company  0000650008 

1,2,4,5-Telra-        Penta-              Hesa- 

OcIachlofO- 

Cnir  pi    01     Bl  Prod      Daily  Ibw 

:^  1 0  rc^e  n  z  e  n  e:  h  lo  robe  n  zen  E^  lo  robe  n  zene 

siyrene 

T/day          m3/day 

mq/ionne         mq/lonne         mq/tonne 

mgAonne 

Dale 

Jan/90 

473 

62.736 

Feb/90 

447 

63,702 

Mar/90 

492 

61 ,223 

Apf/90 

368 

58,666 

May/90 

228 

66,695 

Jun/90 

427 

65.366 

0  e 


80 


Table  6b.  Chtorlnaled  dloxln>.  dibentoturanaa  and  PC8'»  (ATG(23).  Jamaa  River-Marathon  Ltd.  (Marathon).  (Paf :  6-5-1981)- 
Company  0000850008                              2.3,7,8-               ToiaJ                  Total                  Total                  Total                  Total                  Total  Totai 
Cntf  pi     01     Bl  Pfod      Daily  llow             TCOD                TODD                 TCDF                 PCDD                 PCDF                HkCDO              HkCDF               HpCDD 
T/day          m3/day           pglonne           tjgtonne pgionne           t;gtonne pqlonne           jigionne ^jgtonne pglonne 


Date 

J  an/9  D 

473 

62.736 

Feb/90 

447 

63,702 

Mar/90 

492 

61 ,223 

Apr/90 

366 

56.666 

May/90 

228 

66,695 

Jun/go 

427 

65  366 

9.3 


12  8 


186 

212  2 

11  7 

159  2 

8.4 

.24,2" 

8  B 

12  8 

80 

224 

2  9 

16  2 

19  1 

141  9 
7  6 

4  3 

49.4 

2  8 

7  5 

1  5 

5  1 

35  8 


12  1 


9  8 


41   1 


17  5 


80 


125 


18,7 
12  6 


114.8 


Company  0000850008 

Total 

Total 

CnIr  pi.   01     Bl  Prod      Daily  llow 

HpCDF 

OCDD 

OCDF 

pea's 

T/day          m3'day 

gg/lonne 

UQ/lonne 

ijg/ionne 

ligAonne 

Dale 

Jan/90 

473 

62,736 

Feb/90 

447 

63.702 

Mar/90 

492 

61 .223 

Apf/90 

368 

56,666 

May/90 

228 

66,695 

Jun/90 

427 

65,366 

* 

i»:7 

- 

».9 

- 

94.6 

27  1 

54  2 

79  0 

260 

214  3 

23  9 

24  5 


Company  0000850008 

Oleic 

Pimanc 

Abielic 

Debydro- 

Isopimanc 

Levopimanc 

Neoabietic 

Cntr  pt    01      Pfod 

Bl  Prod 

Daily  flow 

acid 

acid 

acid 

abietic  acid 

acid 

acid 

actd 

T/day 

T/day 

m3/dav 

q/tonne 

q /tonne 

g/lonne 

q/lonne 

q/tonne 

q/tonne 

q/tonne 

Dale 

Jan/90 

473 

473 

62  736 

21  6 

6.1 

28  9 

13  3 

14  1 

11  0 

2  9 

Feb/90 

447 

447 

63,702 

4  6 

30 

8  4 

7  2 

50 

3,6 

1   4 

Mar/90 

492 

492 

61,223 

8  0 

2,4 

3  4 

5  5 

3  4 

2.7 

1  6 

Apr/90 

368 

368 

58.666 

19  4 

3  5 

86 

12  5 

108 

14  2 

3  8 

May/90 

228 

228 

66,695 

97  7 

11  7 

99  5 

15  3 

21  9 

23  4 

132  2 

Jun/90 

427 

427 

65,366 

19  3 

69 

22  3 

6  5 

10  3 

90 

46 

Company  0000650008 

ClilOfodBhydro  nchlorodehydrc 

Total  resin 

Total  resin 

Toial  resin 

Cntr  pi     01       Prod 

Bl  Prod 

Daily  tlow 

abielic  actd      abietic  acfd 

acids 

acids 

acids 

T/day 

T/day 

m3/day 

g/ionne            g/tonn© 

g/tonfie 

Kq/day 

mfl/1 

Date 

Jan/90 

473 

473 

62,736 

13  4 

228 

65  0 

40 

0  64 

Feb/90 

447 

447 

63,702 

889 

76 

114  4 

51 

0  60 

Ma(/90 

492 

492 

61,223 

30  6 

65 

47  4 

23 

0.36 

Apr/90 

368 

368 

58,666 

19  6 

7  7 

68  5 

25 

0  43 

May /9a 

226 

228 

66,695 

46  2 

5  1 

344  8 

79 

1  18 

Jun/90 

427 

427 

65,366 

39  8 

4,1 

96  8 

41 

063 

Values  tor  dehydroabtelic  acid  and  dichlorodehydroabietic  acid  are  monthly  averages 


3131  May  1991 
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T«bl»  tb.  M»l«U  |*TG  B  Ii12>.  J«m»t  RtvT-Maralhon  Ltd.  (M*t*thon).  (Oat»:  8-5-1981). 


Company 

00008 500C 

Prod 

Daily  (low 

Berylium 

Aluminium 

Copp»r 

Zink 

Chromium 

Nickel 

Molytxlenum 

Cobalt 

T/dav 

m3/day 

fl/lonns 

g/tonne 

g/tonne 

g/lonne 

fl/tonne 

fl/tonne 

(j/ionne 

g/lonne 

Date 

Jan/90 

473 

62,736 

26 

63 

Feb/90 

447 

83,702 

33 

10.0 

7  1 

Mar/90 

492 

61.223 

28 

100 

Apr/90 

368 

56.666 

38 

1  6 

122 

May/90 

228 

66.695 

77 

263 

9  4 

Jun/90 

427 

65.366 

55 

6  1 

20  7 

8.6 


3.2 
4.6 


Company 

00OO85O0C 

Prod 

Dajty  flow 

Vanadium 

5)IV6f 

Lead 

Cadmium 

Thallium 

Mercury 

T/dav 

m3/dav 

g/tonne 

fl/tonne 

g/tonne 

q/Ionne 

fllonne 

fl/1onne 

Dale 

Jan/90 

473 

62,738 

- 

FebflO 

447 

63,702 

4  3 

Mar/90 

492 

61 ,223 

Apr/go 

368 

58.666 

4  8 

May/go 

228 

66,695 

17.6 

Jun/go 

427 

65,366 

46 

4.3 


86 


0.45 
0.03 


o.oe 


Values  tor  aluminium  and  link  are  monthly  averages 


31st  May  1991 
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Average  flow.  Production  and  Conductivity  data  from  James  River-Marathon  Ltd.  (Marathon), 


Control  point  0100  (14-5-1991). 


m-^/day      t/day 
80000    y  1;^00 


60000   - 


40000   - 


20000   - 


i6oo' 


, . .  <.    •  ■'.    '  -7  ,''  I*  ,    '  . 


ps/cm 

r4000 


r3000 


'.    '\,:J  Vy^,  :-2000 


-  1000 


1/Jan/90      31/Jar^'90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90     29/JurV90 


Average  flow 

Conductivity 
Production 


TSS.  COD  and  BODS  data  from  James  River-Marathon  Ltd.  (Marathon), 

Control  point  0100  (14-5-1991). 
kg/tonne 

250  T 


200  - 

150   - 
100   - 


50  - 


-■ — ^ 
i|i/90 


L"  '•■    &   Tb    '^'     b"    "i    l5  !»■    "J    ^"    MB  "!■    "■    T    " 


>■■"  III  A    >■  ^'a   1 


1/Ja|i/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90     29/Jun/90 

Bl.  Production  and  AOX  data  from  James  River- Marathon  Ltd.  (Marathon), 
Control  point  0100  (14-5-1991). 

(62  42).(17  27),    kg/tonne 

(M.73M57M)       _    10.00 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90    30/Apr/90     30/May/90    29/Jun/90 


Bl.  Production 
AOX 


MILL  16 


N.  McCufcbin  Ciwu  *ariq  Inn 


BAT  DefinitiQn  Study.  Pub  and  Paper  Sedor 


TabU  lb.  Halo9»naled  volalll««  (ATGIfl).  Ktmb«rty-CI«rk  Canada  Inc.  (T«rr«c»  Bay).  (Daf :  8-5-1flfl1). 

Company  0000830000  Chloro-  Chloro-  Bromo-  Bromodi-  Oichloro-       1  .l-DJchlofo-    1 .2-Dichtoro-    1 ,1  -Dichloro- 
Cntr  pi    01    Bl  Prod     Daily  flow          malhane          9ihylene          meihane     .^hloromeihane      melhane  elhano  ethane  ethylene 
T/day          m3/day          mg/lonne         mg/lonne         mg/ionne         mg/lonna         mg/tonoe         mg^onne         mgtonne         mg/lonne 


Jan/90 

1.228 

106.283 

Feb/90 

1,103 

104.718 

Maf/90 

816 

106,294 

Apr/90 

1,102 

S2.454 

May/90 

1.182 

83,876 

Jun/90 

1,303 

88,405 

Company:  0000830000  lrans-1 ,2-01-  1 ,2-Dichloro-  cis-1 ,3-Dt-  trans-1 ,3-Di-  Dibromo- 
Cnir.pt,  01  Bl.Prod  Daily  ttow  :hloroeiliyl8ne  propane  ihloroproDylemrhloropropyleo.  ethylene 
T/day          m3/day  mg/lonne         mg/tonne         mg/lonne         mg/tonne         mg/tonne 


Trichloro- 
methane 
mg/lonne 


Dibromo- 

;:hloromeihane 

mg/lonne 


Tribromo- 
melhane 
mg/tonne 


1,1,2-Tri- 

chloroeihans 

mg/tonne 


Jan/90 
Feb/90 

Mar/90 
Apr/90 
May/90 
Jun/90 


1.228 

1,183 

816 

1,102 
1.182 
1,303 


106,283 

104,719 

106,294 

82,454 

83,876 

66,405 


1.S16 

735 

2,175 

1,8t8 

046 

740 


Company  D000830000  Trlchloro-  Tnfluoro- 
Cnlr.p!;01    Bl  Prod     Daily  !low          ethylene       chtaDn>*ih>n. 
T/day          m3/day          mg/lonne         mg/tonna 


Tetrachloro-    t  ,1 .2,2-TBlra-    Tetrachloro-         Chloro- 
meihane       chloroethane       ethylene  benzene 

mg/lonne         mg/lonne         mg/lonne         mgAonne 


1 ,2-Dichloro-    1 ,3-DJchloro-    1 ,4-Dicfiloro- 
benzene  benzene  benzene 

mg/lonrw         mg/lonne         mg/tonne 


Jan/90 
Feb/go 
Mar/90 
Apr/90 
May/90 
Jijn/90 


1,228 

1.183 
816 
1,102 
1.182 
1.303 


106,283 

104,718 

1 06.294 

82,454 

83,876 

86,405 


Tabia  2b.  Nonhaloganatad  votalHaa  (ATG171.  KlmbTly-Clafk  Canada  Inc.  (Terraca  Bay).  (Dale:  8-5-19911. 

Company  0000830000 

Cntr  pi,  01  Prod  Daily  How  Slyrene  Benzene        m,p-Xyl9ne        o-Xylene  Toluene 

T/day  m3/day mg/lonne         mg/tonne         mg/lonne         mg/ionne         mg/ionne 

Dale 

Jan/90  1,228  106,283  -  -  .  .  . 

Fet)/90  1,183  104,718  --..*. 

Mar/90  816  106,294  -  -  -  .  . 

Apr/90  1,102  82,454  ..... 

May/90  1,182  83,876  -  .  .  .  . 

Jun/90  1,303  88,405  -  -  -  .  . 


Tabia  8b.  Inorganlca  fATG  3.  4.  «.  7  &  15).  Klmbarly-Clark  Canada  Inc.  (Tarraca  Bay).  (Paf:  8-5-1991) 
Company  0000830000 
Cnlr,pt.:01      Prod.          Av    flow              pH 
T/day         m3/day 


Date 

Jan/90 

1,141 

107,065 

FebflO 

1,035 

101,456 

Marys  0 

1,103 

100,365 

Apr/go 

1,056 

84.033 

May/90 

1,179 

86,965 

Jun/90 

1,137 

90,969 

Conductivity     NH3  +  NM4 
MS/cm g/lonne 


N02+N03 
g/tonne 


Total-N 
g/tonne 


Total-P 
g/tonne 


7  5 
7  7 
7  6 

7.7 
7.6 
7  8 


1347 
1509 
1776 
1975 
2178 
2219 


22 
38 
62 

60 
100 
116 


71 
23 

18 
16 
65 
11 


407 
404 
380 
476 
367 
354 


40 
46 

41 
46 
42 
44 


Sulphide 
g/tonne 


388 
1 

1 
1 
8 
3 


Tabia  10b.  Group  and  unapacHlc  vartabraa  (ATG  1.  5.  8.  PP1-3).  Kimbarty-Clatk  Canada  Inc.  (Tarraca  Bay).  (Data-  B-5-1691) 

Company  0000830000  ~~"  

Cntrpt    01      Prod.  Bl.Prod  Av  flow  8005  AOX 
T/day            T/day           m3/1Qnne         Kg/lonne          Kg/tonne 


Oats 

Jan/90 

1.141 

1,141 

Feb/90 

1,035 

1,035 

Mar/90 

1,103 

1,103 

Apr/90 

1,056 

1.056 

May/90 

1,179 

1,179 

Jun/90 

1.137 

1,137 

31sl  May  1991 

COD 
Kg/lonne 


DOC 
Kg^onne 


TOC 
Kg/lonne 


TSS 
Kgflonne 


COD/AOX         COD/BOD 


93  83 

98.03 
90  98 

79  55 
73  78 

80  04 


2.8 

1.3 
1.1 
1  2 
0.7 
1  0 


22 
22 

1.9 
1  2 
1  3 
1  9 


52  5 
63.2 
44,0 
40.0 
44  0 
43.1 


2.8 

23,9 

18  9 

4.3 

29  0 

47  0 

35 

23.3 

39  7 

43 

32.1 

34  6 

3.4 

33.5 

58  7 

4  2 

23  1 

45  4 

.37- 
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Tabl»  3b.  Extraclabl*  b»f  n»uUal«  (ATG19).  Klnib>fly-Clafk  Canada  Inc.  (T>trac»  Bay).  [D»f :  8-5-1991}. 

Company  0000630000  l-Methyl-  2-Metnyl-  1-Chloro-  2-Chloro-  Benz|a]-  Dibenz[al 
Cnir  pt  01  Prod  Dai<y  itcM  Naphinatene  naphthalene  napMhalena  naphthalene  naphthalene  Anthracene  anthracene  anthracene 
T/day m3/day mg/tonne         mg/tofine         mg/ionne         mg/tonne         mg/lonne         mg/tonne         mg/tonne         mfl/tonne 


Dale 

Jan/90 

1,228 

106,283 

Feb/90 

1,183 

104,718 

Mar/90 

816 

106,294 

Apf/90 

1,102 

82,454 

May/90 

1,182 

83.878 

Jun/90 

1.303 

86.405 

206 


Company  0000830000 

Phenan- 

Acenaph- 

Acenaph- 

5-N«ro-ace- 

Fluor- 

Benz[b]- 

Ben2[k] 

Cntr  pi    01  Prod            Daily  (low 

threne 

Ihene 

Ihylene 

naphltwne 

Chrysans 

anthane 

lluoranihene 

tluoranthene 

Fluorene 

T/day          m3/day 

mg/tonne 

mfl/tonne 

mqAonne 

mq/lonn© 

mg/lonne 

mg/tonne 

mg/lonne 

mg/tonne 

mq/tonne 

Dale 

Jan/90 

1,228 

106,283 

Feb/90 

1,183 

104,718 

Mar/90 

616 

106,294 

Apr/90 

1,102 

62,454 

May/90 

1,182 

63,876 

Jun/90 

1,303 

66,405 

Company  0000830000 

B9nz[a]- 

ideno[1,2,3-cd 

Benz[a,h,i]- 

Cntr  pi,,  01  Prod            Daily  flow 

Pyfene 

pyrene 

pyrens 

Perylene 

perylene 

Indole 

Camphene 

T/day          m3/dav 

mg/lonr>e 

mo/ionrte 

mQ/tonne 

mg/tonne 

mtj /tonne 

mfl/lonne 

mgAonne 

Date 

Jan/90 

1,228 

106,283 

Feb/90 

1,183 

104,718 

Mar/90 

816 

106,294 

Apr/90 

1,102 

82,454 

May /SO 

M82 

83,876 

Jun/90 

1,303 

88,405 

Table  4b,  Acidic  axiraciablaa  {ATG20).  Klmbarty-Clark  Canada  Inc,  (Tarraca 

Bay).  (Oat* 

fl-5-1991). 

Company  01X)06300O0                                                            000 

4-ChlOfO- 

2-Chloro- 

2,4-Dichlofo- 

Cntr  pi    01      Prod           Bl  Prod         Daily  Dow           Phenol            m-Cresol          o-Cresol 

p-Creso) 

2,4-xylenol 

m-cresol 

pr>anol 

phenol 

T/day            T/day             m3/da^           mgAonne         mq/tonne         mg/tonne 

mq/tonne 

mn/tonne 

mg/lonne 

mq/tonne 

mq/tonne 

Date 

Jan/90 

1,226 

1,228 

108,283 

FBb/90 

1.183 

1.183 

104.718 

Uar/90 

816 

816 

106,294 

Apr/90 

1,102 

1,102 

82,454 

May/go 

1,182 

1,182 

83,876 

Jun/9D 

1,303 

1,303 

88,405 

320 
292 
664 

2Q2< 
206 


Company  0000830000 

Cnirpt.  01      Prod           Bl  Prod         Daiiy  flow 
T/day T/day m3/day 


2,6-Dichloro-       2,3,4-Tri-  2,3,5-Tri-  2,4.5-Tri-  2,4,6- Tri-      2.3,4,5-TBlra-  2.3,4,6-Talra-  2,3,5,6-Tet:a- 

phenol         chlorophenol    chlorophenol    chlorophenol    chlorophend    chlorophenol    chlofophenol    cnlorophenol 
mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne 


Date 

Jan/90 

1,228 

1,228 

106,283 

F9b/90 

1.183 

1.183 

104.718 

Mar/90 

816 

816 

106,294 

Ap(/90 

1.102 

1,102 

82  454 

May/90 

1,182 

1,162 

83  876 

Jun/90 

1  303 

1,303 

88,405 

656 
531 

1,146 
629 
561 
122 


128 


128 


Company  0000630000 

Penia- 

4-Nilro- 

2  4-Dinilfo- 

Cntrpi    01      Prod 

BIProd 

Dajly  flow 

chtofophenol 

phenol 

phenol 

T/day 

T/dav 

m3/tlay 

mg/lonne 

mg/tonne 

mg/tonrw 

Date 

Jan/90 

1,228 

1,228 

106,283 

FebflO 

1,183 

1,183 

104,718 

Mar/90 

616 

816 

106,294 

Apr/90 

1,102 

1,102 

87,454 

May/90 

1,182 

1.182 

83,876 

Jun/90 

1.303 

1,303 

88,405 

75 


31slMay  1991 


-38- 
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Tabt«  5b.  Chloflnatad.  ntutr»l»  (ATG(23).  Ktmb^fry-Clark  Can*d«  Inc.  (TTfC*  Bay).  (Pal«:  >-5-19ai). 

Company:  0000830000  HeKachloro-  Hexachloro-  Hexachlofo-  1 ,2.3-Trictiloro1 .2.4-Trk:hlofO?,4.5-TrK:hioro  1 .2,3,4-Talra- 1 ,2,3,5-Tetra- 
Cnlrpt  01  Bl  Prod  Daily  ttow  slhans  butadiene  yclopeniadien  beniene  benzene  toluene  =hlorobenzen6=hlofobenzena 
T/day          m3yday          mfl/tonna         mfl/tonne         mg/tonne         ma/tonne         mg/lonne         mg/tonne 


Dale 

Jan/90 

1,228 

106,283 

FebflO 

1,183 

104,718 

Mar/so 

816 

106,294 

Apf/90 

1,102 

82.454 

May/90 

1.182 

83,876 

Jun/90 

1,303 

68.405 

mg/lonne         mg/lonne 


0.4 


Company  0000830000 

1,2.<,S-T«»». 

Panli- 

H*ica~ 

Octachloro- 

Cnlr  pi  :  01    Bl  Prod     Daily  flow 

ChlOfOtMIUflW 

chlofolMniwH 

chloiobaniMw 

slyrene 

T/day          m3/day 

mg/lonne 

mg/lonne 

mg/lonne 

mp/tonne 

Date 
Jan/90 
feb/90 
Mar/go 
Apr/90 
May/90 
Jun/90 


1,226 
1.163 
816 
1.102 
1.182 
1,303 


106,263 

104,718 

106.294 

62,454 

83,876 

86,405 


Tabia  6b.  Chlorlnatad  dioalna,  dlbamoluranaa  and  PCB'a  (ATG(24).  Klmbarly-Clark  Canada  Ino,  (Terraca  Bay).  (Date:  B-5-1flfl1) 


Company  0000630000  2.3,7.8-              Total  Total 

Cntrpt.Oi    Bl  Prod     Daily  flow            TCOD  TODD  TCDF 

T/day          m3/day  tjgtonne  ;jgtonne  pglonne 

Date 


Toial 

Total 

Total 

Total 

TotaJ 

PCDD 

PCDF 

HxCDO 

HJtCDF 

HpCDO 

ugtonne 

tjglonne 

ugtonns 

pglonne 

ugionne 

Jan/9a 

1,229 

106.283 

13-0 

182 

Fet)/90 

1.183 

104,718 

48 

18.6 

Mar/90 

917 

80.121 

- 

26.2 

Apr/90 

1.102 

82.454 

- 

307 

May/90 

1.182 

83.876 

33 

27  7 

Jun/go 

1,185 

93,943 

626 

52  3 

4  4 
4  2 
38 
6  7 


3  1 


1.8 
4.4 


1.8 
2  0 


Company  00OOB3Q0OO  Total  Total 
Cnirpi  01  BIProd  Dajly  flow  HpCOF  OCDO  OCDF  PCB^S 
T/day          ma/day          pg/ionna          tjg/lonne          tig/ionne          pg/tonne 


Dale 
Jan/90 
FebJ90 
Mar/go 
Apr/90 
May/90 
Jun/go 


1.228 
1.183 
917 
1,102 
1,182 
1.165 


106,283 
104.718 
80,121 
82,454 
83.976 
93.943 


24.2 

168  2 

332 

10.5 

19  8 


Tabia  7b.  Fatty  and  reain  acldi  (ATG  28).  Klmbarly-Clark  Canada  Inc.  (Terrace  Bay).  (Data:  B-5-199T). 


Company  0000830000  Oleic  Pimaric  Abieiic 

Cntrpi    01      Prod  BIProd  Daily  llow  acid  acid  acid 

T/day T/day m3/day gAonne g/tonne g/ionne 


Date 
Jan/90 
FetVSO 
Mar^O 
Apr/90 
May/90 
Jun/90 


Dehydro- 

abieiic  acid 

g/tonne 


isopi  marie 

acid 

g/tonne 


Levopimaric 

acid 

g/ionne 


Neoat>istic 

acid 

g/ionne 


1,226 

1,183 
816 
1.102 
1,182 
1,303 


1,228 
1.183 
616 
1.102 
1.182 
1,303 


106.283 

104.718 

106,294 

62.454 

83.876 

88,405 


1  0 


0  4 


9  3 


06 


1  5 
06 

1  0 
0  9 
0  4 
0  4 


Company  0000630000 
Cntr  pi    01      Prod  Bl  Prod 
T/day  T/day 


Dais 
Jan/90 
Feb/go 

Mar/90 
Apr/90 
May/90 
Jun/90 


Chtorodehydroiichlorodef>ydr<   Total  resin       TMai  resin       Toial  resin 
Daily  flow        abieticacid      abieiicacid  acids  acids  acids 

m3/day g/tonne g/ionne g/tonne 


Kg/day 


ng/l 


1,228 

1,183 
616 
1.102 
1.182 
1,303 


1.226 
1,183 
616 
1,102 
1,182 
1.303 


106,283 

104,718 

106.294 

82,454 

83,876 

88,405 


1.1 


0.9 
1  8 
1.1 
0.5 
0.4 
04 


Values  lor  detiydroabieiic  acid  and  dichlorodehydroabetic  acid  are  monthly  avefages 


123 
0.6 
1  0 
1.5 
0.4 
04 


15 

1 
1 
2 
0 

1 


0  14 
0.01 
0  01 
0  02 
0  01 
0  01 


31  SI  May  1991 
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N.  McCutbin  ConstJlarfe  Inc. 
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TabI*  8b.  M«t«l»  {ATG  S  1.12). 

KImbsrIy-Clatk  Canada 

Inc,  (Tarraca  Bay).  (Data:  B-5-1»ai) 

Company 

ooooaaooc      Proa         Oaity  llow 

Bsrylium         Alumimum 

Coppet               Zinc             Chromium 

Nickel 

Molybdenum 

Cobalt 

T/day          m3/day 

g/tonne            g/iorine 

g/ionne             g/ionns             QAonne 

(]/ionn9 

fl/ionne 

a/ton  na 

Date 

Jan/go 

1,228 

106,283 

Feb/90 

1,183 

104.718 

Mar/90 

816 

106,294 

Apr/90 

1,102 

82,454 

May/90 

1,182 

83,876 

Jun/90 

1,303 

88,405 

33 
29 
S2 

35 

44 

44 


or 


7  8 

6  9 

0  9 

8.1 

16  8 

1  8 

11  1 

18  2 

2  6 

8.7 

11  2 

0  7 

5.2 

fi  5 

0  7 

6  1 

204 

07 

Company 

00008300C 

Prod 

Daily  Iknv 

Vanadium 

Silvof 

Lead 

Cadmium 

Tbalilum 

Mercury 

T/day 

m3/(Jay 

g/lonne 

q/lonne 

g/tonr)e 

Ej/tonne 

g/lonne 

g/tonne 

Date 

Jan/go 

1,22B 

106,283 

Feb/90 

1,183 

104,718 

Mar/90 

816 

106,294 

/^r/90 

1.102 

82,454 

Uay/90 

1,182 

83,876 

Jun/90 

1,303 

88,405 

2.T 


027 


0.01 
0.01 


Values  lor  alummijm  and  zink  are  monthly  averages 


3l3t  May  1991 
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Average  flow,  Production  and  Conductivity  data  from  Kimberly-Clark  Canada  Inc.  (Terrace  Bay), 

Control  point  0100  {15-5-1991). 
m^/day        t/day  ^s/cm 

120000   T  1500  .  r4000 


80000 


40000 


-3000 


-2000 


-  1000 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS,  COD  and  BODS  data  from  Kimberiy-Clark  Canada  Inc.  (Terrace  Bay). 
Control  point  0100  (15-5-1991). 
kg/tonne 

160  -, 


120  - 


80  - 


40  - 


1/Jan/90      31/Jan/90      1/Mar/90     31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

Bl.  Production  and  AOX  data  from  Kimberly-Clark  Canada  Inc.  (Terrace  Bay). 
,  Control  point  0100  (15-5-1991). 

Vday  kg/tonne 

1400  -,  _  6 


-4 


-  2 


0 . ^ ^ , r 

1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/go 


Average  flow 

Conductivity 
Production 


Bl.  Production 
AOX 


MILL  19 


N.McCd±inCQnsJtanl9lnc. 


PAT  Definilton  Sludv.  Pub  and  Paper  Sedor 


TabU  lb.  Halog«n«f  d  voIkiII«»  (ATG16).  Mal«tl>  Ktafl  Pulp  and  Powmt  Co.  (Smooth  Rook  F«n«).  (Data:  3-5-1»ft1). 
Company  0000860502  Chloro-  Chloro-  Bromo-  Bromodi-  Dichloro-       1.1-Dichtoro-    1.2-D(chtofO-    1 
Cntr  pi.  0^  Bl  Prod        Daily  flow          methane          ethylene          methane     rhioromethane      methane  ethane  ethane  ethylene 
T/day          m3/day         mgAonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/lonna 


1 .1  -Dichtoro-    1 .2-D(chtofO-    1 ,1  -Dichloro- 
ethylene 
mg/tonne         mg/lonne 


Jan/90 

340 

46,730 

Feb90 

335 

46.960 

2,309 

Mar/so 

300 

50,060 

Apr/90 

362 

54,670 

1.329 

May/90 

319 

46,650 

Jun/90 

353 

53,930 

12,277 


565 
1,635 


3,514 


Company  0000860502 

irans-1 ,2-Di-    1 ,2-Dichloro- 

ds-1 ,3-Di- 

trans-l,3-0[- 

Dibromo- 

Trichloro- 

Dibromo- 

Tribromo- 

1,1,2-Tri- 

Cntr  pi    04  Bl  Prod        Daily  flow 

:hloroethylene      propane 

:hlorop  ropy  Ian 

:hlorapropyteni 

ethylane 

methane 

:hloromeihanE 

m  ethane 

chloroethane 

T/day         m3/dav 

mg/tonne         mfl/ionno 

mg/lonrw 

mg/lonrte 

mg/tonne 

mg/tonne 

mg/tonne 

mg/tonne 

mg/lonne 

Jan/90 

340 

46.730 

reb/90 

335 

48,960 

Mar/90 

300 

50.060 

Apr/90 

362 

54.670 

MBy/90 

319 

46,650 

Jun/90 

353 

53.930 

13,607 

14.176 

2.253 

22.049 

19.250 


Company   00OOB60502 

Trtchloro- 

Tnlluofo- 

Tsirachloro- 

1,1,2,2-Tetra- 

Tetrachloro- 

Chlofo- 

1 .2-Dichtofo- 

1 ,3-Oichlofo- 

1 .4-Dichtoro- 

Cnlfpt    04  Bl. Prod       Daily  flow 

ethylene 

chloioinMhvw 

m  ethane 

chloroethane 

elhylene 

benzene 

benzene 

benzene 

benzene 

T/day          m3/dav 

mg/tonne 

mg/lonne 

mg/tonne 

mg/tonne 

mg/tonne 

mg/ionne 

mg/tonne 

mgAonne 

ng/tonno 

Jan/90 

340 

46,730 

Feb/go 

335 

48.960 

Mar/90 

300 

50,060 

Apr/90 

362 

54,670 

May/90 

319 

46,650 

Jun/90 

353 

53,930 

67 


Table  2b.  Nonhaloflen«l»d  volatllea  (ATG17).  Malatle  Kraft  Pulp  and  Pow»t  Co.  (Smooth  Rocfc  Falla).  (Oala:  3-5-1991). 

Company.  0000860502 

Cntr  pi.  W  Prod            Daily  flow  Siyrone  Benzene        m.p-Xylene        o-Xylene  Toluene 
T/day          m3/day mgAonne         mg/tonne         mg/ionne         mg/ionne         mg/ionne 


Dale 

Jan/90 

340 

46  730 

236 

Feb^O 

335 

48,960 

351 

Mar/90 

300 

50,060 

230 

Apr/90 

362 

54,670 

248 

May/90 

319 

46,650 

Jiin/90 

353 

53,930 

48 


62 


36 
3S 


90 


412 
745 
551 
423 

37 


Table  9b.  Inorganica  (ATG  3.  4,  6.  7  I.  15).  Malatta  Kratt  Pulp  and  Powf  Co.  (Smooth  Rock  Falls).  (Data:  3-5-1991). 
Company  0000660502 

Cnlfpt    04  Prod             Av     Itow                   pH             Conduflivity      NH3  +  NH4         N02+N03           Total-N              Total-P             Sulphide 
T/day m3/day ps/cm g/ionne  g/ionne g/tonne g/lonne g/lonne 


Dale 

Jan/90 

279 

47.922 

63 

1512 

198 

17 

461 

52 

1717 

Feb/90 

305 

49.309 

46 

1510 

161 

20 

323 

64 

11 

Mar/90 

288 

50,016 

4  7 

1716 

136 

39 

316 

68 

69 

Apr/90 

296 

50.041 

3  9 

1490 

157 

42 

339 

63 

17 

May/90 

304 

49.267 

4  0 

1651 

151 

83 

385 

54 

11 

Jun/90 

304 

50,592 

3  1 

1676 

77 

202 

296 

62 

4 

Tabia  10b.  Gfoup  and  unspacHlc  varlabUa  (ATG  T.  5,  8,  PP1-3).  Malatta  Kraft  Pulp  and  Powar  Co.  (Smoolh  Rock  Falls).  (Data:  3-5-1  9Bi; 
Company  0000860502 

Cnlfpt    0<Prod             Prod  Av  flow  BODS  AOX  COD  DOC  TOC  TSS  COD/AOX         COO/BOD 
T/day          T/day m3/lonrw         Kg/tonne          Kg/ionne         Kg/tonne         Kg/ionne          Kg/lonne          Kg/ionne 


Dale 

Jan/90 

279 

Feb/90 

305 

Mar/90 

286 

Apr/90 

296 

May/90 

304 

Jun/90 

304 

3l8l  May  1991 

279 

171  74 

305 

161  67 

266 

173  69 

296 

169  24 

304 

162  04 

304 

166  51 

36  4 

24  0 
29  3 

25  5 
250 
25  5 


3  2 

3  7 
5  1 

4  5 
4.0 
5.0 


208  5 
167  1 
825 
39  3 
26.0 
70  4 


5.2 

S5.S 

5  4 

4.0 

45.2 

7  0 

5.0 

18,1 

26 

5.3 

S.6 

1.5 

5.2 

6* 

10 

50 

140 

2  8 

-42- 
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N.  McCUiyn  CoosiAarts  Inc. 


BAT  Detinilion  Study.  Pub  and  Paper  Sedor 


T«bl«  3b.  E»tr«cl«bl»  ba>»  irutralt  (ATG18).  MaUtI*  Kratl  Pulp  and  Powf  Ca.  {Smooth  Rock  F»H«).  fPaf :  3-5-1881). 

Company  0000860502  1  -Mechyl-  2-Meihyl-  1  -Chloro-  2-Cfitoro-  Benz[a]-  Dibenz(al 
Cnir  pi  CM  Prod  Oajfy  llow  Naphihaleno  naphthalene  naphlhatere  naphihalono  naphlhalone  Anthracene  anthracene  anthracan© 
T/day          m3/day mg/lonne         mg/tonne         mgnonne         mg/lonn«         rngflonng         mg/tonne         mg/tonne         mfl/tonne 


Date 

Jan/90 

340 

48.730 

Feb/90 

335 

48.960 

Mar/90 

300 

50.060 

Apr/90 

362 

54,670 

Uay/90 

319 

46.650 

Jun/90 

353 

53,930 

29 
46 


Company  0000860502  Pheran-  Acenaph-  Acenaph 
Cnirpi  WProd.  Daily  flow  Ihrene  Ihene  thylene 
T/day          m3/day mg/tonne         mg/tonne         mg/lonne 


Date 

Jan/90 

340 

46.730 

Feb/90 

335 

4S.960 

Uar/90 

300 

50.060 

Apf/90 

362 

54.670 

May/90 

319 

46,650 

Jun/90 

353 

53,930 

5-Nflfo-ac«- 

Fliwr- 

Benz[b]- 

Ben2[k] 

napNhene 

Chryseno 

anthene 

lluorant^iene 

lluoranthene 

Fluorene 

mg/tonne 

mg/tonne 

mq/lonne 

mg/lonne 

mq/tonne 

mq/ionne 

Company  00OOB6O502  Benzia]-      idenoll  .2,3-cd  Benzig.h.i)- 

Cnir  PI    04  Prod            Daify  llow  Pyrene  pyrene  pyrene  Perylefie  perytene  Indole  Camphen© 
T/day          m3/day mg/tonn©         mg/tonne         mg/lonna         mg/ronne         mg/tonne         mg/tonne         mg/tonne 


Date 

Jan/90 

340 

46.730 

Feb/90 

335 

48.960 

Mar/90 

300 

50,060 

Apr/90 

362 

54.670 

May/90 

319 

46,650 

Jun/90 

353 

53,930 

106 


3573 
4969 
3504 

7S1 
137 


Table  4b.  Acidic  e»tfactablea  [ATG20).  Maleile  Kraft  Pulp  and  Power  Co.  (Smooth  Rock  Fall»).  (Dale:  3-5-1991; 
Company  0000860502  4.Chloro- 
Cnlfpt.  04      Prod            BIPfod         Daily  IkJw           Phenol            m-Cfesol          o-Cresol           p-Ctesol         2,4-xyienol         m-ciesol 
T/day            T/day m3/day           mg/ionne         mg/ionne         mg/tonne         mg/ionrTe         mg/lonne         mg/tonne 


Dale 

Jan/90 

340 

Feb/90 

335 

Mar/go 

300 

Apr/90 

362 

May/90 

319 

Jun/90 

353 

2-CNoro- 

phenol 
mg/tonne 


340 

46,730 

2.735 

335 

48.960 

5.846 

300 

50,060 

6,007 

362 

54.670 

3.322 

319 

46.650 

3,217 

353 

53.930 

2,916 

2,721 

4,677 
4,ea9 
4,531 
3,802 
1,726 


745 
684 
634 
351 
137 


797 
687 
734 
529 

366 
229 


2,4-D(chloro- 

phenol 

mg/ionr>e 

412 
692 


272 
234 

122 


76 


31 


634 
775 


336 


Company  D0O08605O2 

Cnir  pi    04      Prod.          Bl  Prod         Daily  flow 
T/day T/day m3/day 


Dale 

Jan/90 

340 

F»b/90 

335 

Mar/90 

300 

Apr/90 

362 

May/90 

319 

Jun/90 

353 

2.6-DiChtoro-       2.3.4-Tn-  2.3.5-Tfi-  2,4.5-Tri-  2,4.6-T(i-      2,3,4,5-Teira- 2,3,4,6-Teira-  2,3,5,6-Telra- 

plwnol        chiorophenol   chlofophenol    chlorophenol    chlorophenol    chlofophenol    chlorophenol    chlorophenol 
mg/tonne         mg/tonne         mg/lonne         mgnonne         mg/lonna         mg/lonna         mg/lonne         mg/tonne 


340 
335 
300 
362 
319 
353 


46.730 
48.960 
50,060 
54,670 
48,650 
53,930 


632 

1,564 

1,691 

1,008 


936 
409 


Company  0000860502  Penia-  4-Nflro-         2.4-Din.lro- 
Cnir  pt    04      Pfod            Bl  Prod         Daily  (low      chlorophenol         phenol  phenol 
T/day T/day m3/day           mg/tonne         mg/lonne         mg/ionne 


Date 

.Ian/90 

340 

340 

46,730 

Feb«0 

335 

335 

48.960 

Mar/90 

300 

300 

50.060 

Apr/90 

362 

362 

54.670 

May/90 

319 

319 

46.650 

Jun/90 

353 

353 

53,930 

408 


3t3t  May  1991 
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N,  McCiiabin  ConsJtanlB  Inc- 


BAT  DefinMion  Sludv.  Pub  and  Paoef  Sector 


T«bU  5b.  Chloflnnfd,  n»mr«l»  (ATG(23).  M«l«tl»  Kr«fl  Pulp  and  Powr  Co.  (Smooth  Rook  F>H«).  <D»U:  3-5-1fl81]. 

Company  0000660502  Hexachloro-  Hanacnioro-  Hsxachlofo-  1 .2,3-Trk:hlofol  ,2,4-Tfichloro?,4.5-TrK;filoro  1 ,2.3.4-Tetra-  1 .2,3.5-Tetra- 
Cnir  pi  W  Bl  Prod  Daily  (low  eihane  butadiene  yclopeniadien  benzene  benzene  loluene  =hlorobenzene=hlorobenzene 
T/day          m3/day          mg/ionne         mg/ionne         mg/ionne         mq/lonne         mg/lonne         mqflonne         mg/tonne         mfl/tonne 


Dale 

Jan/90 

340 

46,730 

FBb/90 

335 

48,960 

Mar/90 

300 

50.060 

Apr/go 

362 

54.670 

Uay/90 

319 
353 

46,650 

53  930 

07 


4.7 
2-7 

1  6 


2  5 


1.2 


60 


P-0 

1.6 
3.0 

0.3 
24 


Company.  0000660502 

1.2.4.S-T**!- 

PanlB- 

H*>a- 

Ociachloro- 

Cntr  pt    04     Bl  Prod      Daily  Ikow 

ehkHDb*ni«n« 

ci>loiob*nx«f>* 

chtof  obtftc  wrt9 

Eiyreno 

T/tJay          m3/day 

mg/tonne 

mg/ionne 

mQ/tonna 

mq/Tonne 

Date 

Jan/90 

340 

46.730 

f»bf90 

335 

46.960 

Mar/90 

300 

50,060 

Apr/90 

362 

54,670 

Uay/90 

319 

46,650 

Jun/go 

353 

53.930 

1  0 


Tab)*  <b.  Chlorlnatad  dioxins 

dlbenioturanea  and  PCB 

a  (ATG(23) 

Malelte 

Kraft  Pulp  and  Power  Co 

(Smooth 

Rock  Falls) 

Company  0000860502 

2.3.7,8-              Total 

Total 

Total 

Total                 Total 

Total 

Tolal 

Cnlf  pt    04    81  Prod     Daily  (low 

TCDD                TODD 

TCDf 

PCDD 

PCDF              HxCOD 

HxCDF 

HpCDD 

T/dav          m3/dav 

ugtonne           pgtonne 

yq  tonne 

gglonne 

uqtonne           pglonne 

Ijqtonne 

pqionne 

Date 

Jan/90 

340 

46,730 

Feb/90 

335 

48.960 

Maf/90 

300 

50.060 

Apf/90 

362 

54,670 

Uay/90 

319 

46,650 

Jun/90 

353 

53,930 

13.7 
3  0 


33  6 
82  5 


Company  0000660502 

Total 

Tolal 

Cnlr.pt .  04    61  Prod     Daily  (low 

HpCDF 

OCOO 

OCDF 

PCB-S 

T/day          m3/day 

pq/ionne 

pq/tonne 

Mfl/lonne 

Liq/tonns 

Date 

Jan/go 

340 

46,730 

Feb/90 

335 

46.960 

Mar/90 

300 

50.060 

Apf/90 

362 

54,670 

May/90 

319 

46,650 

Jun/90 

353 

53,930 

2,7 


Table  7b.  Fatty  and  reain  aclda  (ATG  26) 

Malatte  Kraft  Pulp  and  Power  Co. 

(Smootfi  Rock  FallB).  (Date:  3-5-19B1). 

Company  0000660502 

Oleic              Pimaric             Abienc 

Dehydro-         Isopimaric      Levopimaric      Neoabietic 

Cni(  pt    04      Prod            Bl  Pfod          Daily  (low 

acid                 acid                 acid 

abietic  acid            acid                 acid                  acid 

T/day           T/day           m3/day 

q/lonne            g/Iofine            q/lonne 

q/lonne            g/tonne            g/tonne            q/tonne 

Dale 

Jan/90 

340 

340 

46.730 

Feb/90 

335 

335 

48,960 

Mar/go 

300 

300 

50.060 

Apf/90 

362 

362 

54.670 

Uay/90 

319 

319 

46.650 

Jun/90 

353 

353 

53,930 

6  7 

72  8 

203  4 

61  8 

6  9 

71  6 

49  9 

36  5 

14  0 

110  1 

32  1 

86.8 

6  3 

16  8 

62 

3  2 

6  9 

25  2 

6  1 

5  2 

42  1 

63 

1  5 


3.6 


11  1 
13  3 
23  2 

1  2 


Company  0000660502 

Chlofodehydfo 

cWofodehydfi 

Total  resin 

Tolal  resin 

Tot^  resin 

Cnlf  pi    04 

Prod 

Bl  Prod 

Daily  itow 

abietic  acid 

abietic  actd 

acids 

acids 

acids 

T/day 

T/day 

m3/day 

g/ionne 

g/lonne 

g/ionne 

Kg/da) 

mg/1 

Date 

Jan/90 

340 

340 

46.730 

15  3 

19  7 

371  2 

126 

270 

Feb/go 

335 

335 

48.960 

85 

23  2 

188  2 

63 

1  29 

Uaf/90 

300 

300 

50,060 

7  7 

19  8 

273  9 

82 

1  64 

Apr/90 

362 

362 

54,670 

6  5 

12  1 

42  7 

15 

0  26 

Uay/90 

319 

319 

46,650 

10  7 

7  1 

52  1 

17 

036 

Jun/90 

353 

353 

53,930 

6  4 

34.1 

60  0 

21 

0  39 

Values  tor  dehydroabietic  acta  and  dichlorodehydroabielic  acid  are  monthly  aveiages 


3ist  May  1991 
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N,  McCitbin  ConsJlanra  Inc. 


BAT  Delinilion  Sludv.  Pub  and  Paper  SedOf 


Company 

00008605C 

Prod. 

OsiV  flow 

Beryiium 

Aluminium 

Copper 

Zinc 

Chromium 

Nickel 

Molybdenum 

Cot)  all 

T/day 

m3/day 

QAonno 

g/ionne 

Q/tonne 

fl/tonne 

Q/Ionne 

g/ionne 

fl/tonne 

fl/tonne 

□ale 

Jan/90 

340 

46.730 

Fsb/go 

335 

48,960 

Mar/so 

300 

50,060 

Apf/90 

362 

54.670 

May/90 

319 

46,650 

Jun/90 

353 

53,930 

564 

1.8 

13  5 

69 

220 

0  7 

619 

- 

18.4 

- 

- 

18 

«19 

3-6 

27  1 

4  7 

3  0 

466 

- 

171 

- 

- 

- 

379 

- 

11  8 

- 

• 

- 

534 

. 

19  e 

- 

Company 

D0008605C 

Prod 

Daily  flow 

Vanadium 

Silver 

Lead 

Cadmium 

Thallium 

Mercury 

T/day 

m3/day 

Q/lonne 

g/lonne 

g/tonne 

fl/tonne 

q/lonne 

g/lonns 

Date 

Jan/90 

340 

46,730 

F9b«0 

335 

48.960 

Mar/90 

300 

50,060 

Apf/90 

362 

54,670 

May/90 

319 

46,650 

Jun/90 

353 

53,930 

14 


1.0 


0.5 


0  47 
0.18 
0,17 


0  01 


Values  for  aluminium  and  zink  are  monlhly  averages 


31 81  May  1991 
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Average  flow,  Production  and  Conductivity  data  from  Malette  Kraft  Puip  and  Power  Co.  (Smooth  Rock  Falis), 

Control  point  0400  (15-5-1991). 
m^/day     t/day  ps/cm 

80000   -r  1500  _  4000 


60000  - 


40000  - 


20000 


i'  J  II  'i  *  1 1 ' 

'w.  •"''i.'  *  Ml  /  ."  * 

iM ,"  f*  "/^/  '■; 


^• 


3000 


-  2000 


-  1000 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 
TSS,  COD  and  BODS  data  from  Malette  Kraft  Pulp  and  Power  Co.  (Smooth  Rock  Falls). 


kg/tonne 

(509) 

400  r' '"' 


300   - 


Control  point  0400  (15-5-1991). 


200  - 


100  - 


TbIii    fii 


r^  ^.  \  T-Hi 


iMili!l,tyW!.,^.ii<li.. 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

Bl.  Production  and  AOX  data  from  Malette  Kraft  Pulp  and  Power  Co.  (Smooth  Rock  Falls) 

Confrol  point  0400  (15-5-1991). 

t^day  '■  kgAonne 

500    n  HQ 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


Average  flow 

Conductivity 
Production 


Bl.  Production 
AOX 


MILL  21 


N.  McCubbJn  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Sulphite-Mechanical  Sub-sector 


Abltibi-Prlce  Inc.,  Thunder  Bay  Div. 

Abitibi-Price  Inc.,  Fort  William  Div. 

Abltlbi-Price  Inc.,  Provincial  Papers  Div. 

Abitibi-Price  Inc.,  Iroquois  Falls  Div. 

Boise  Cascade  Canada  Ltd. 

Quebec  and  Ontario  Paper  Company  Ltd. 

St.  Marys  Paper  Inc. 

Spruce  Falls  Power  and  Paper  Company  Ltd. 


Thunder  Bay 

Thunder  Bay 

Thunder  Bay 

Iroquois  Falls 

Kenora 

Thorold 

Sault  Ste.  Marie 

Kapuskasing 


Page 

48 

53 

58 

63 

68 

73 

78 

83 


September  1,  1991, 
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Appendix  B 


N.  McCitbin  ConsiJats  Inc. 


BAT  DefinitiQn  Sludy.  Pu,^3  arxj  Paper  gecja^r 


Tabis  lb.  Hiloganatad  volatUct  (ATGIfl) 

Abltlbi-Prica 

Inc.,  Thundar  Bay  DIvlalon.  (DaU 

25-4-1901). 

Company  0000660007                            Chloto- 

Cn(oro- 

Bromo-           Qromodi-          Dichloro- 

1 ,1  -Dichtoro-    1 ,2-DiChtofo- 

1.1-Dichloro- 

Cntfpt    01  Prod            Daily  flow          methane 

ethylene 

meihana     chloromeinane      melhane 

elhane             ethane 

ethylene 

T/day          m3/day          mg/lonne 

mg/lonne 

mg/tonne          mg/lonne          mg/tonne 

mg/tonne         mg/lonna 

mg/tonne 

JBn/90 

475 

44.765 

Feb/90 

494 

46.287 

337 

MariSO 

239 

41 ,236 

8,627 

Apf/90 

459 

46,177 

- 

May/90 

486 

42,593 

- 

Jun/90 

484 

44,205 

- 

2,616 


415 

637 

1.639 

153 

29 


Company  0000860007  Irans-l .2-Di-    1 ,2-Dicri(oro-      cis-1 ,3-Di-      Irans-1 .3-Di-       Dibromo-  Trichtoro-  Dibrocno-         Tritxomo-  1 .1 ,2-Trh 
Cntr.pl.:  01  Prod.           Daily  tlow     rhioroeihylene      propane     :hloropfopylen<:h(oropropyl9n.      ethylene          methane     chloromethane      msitiane       chloroethane 
T/day          m3/day          mg/ionne         mg/lonne         mg/lonne         mg/tonne         mg/tonne         mg/tonne         mg/lonne         mg/lonne         mg/tonne 


Jan/go 

475 

44,765 

F«b«0 

494 

46,287 

Mar/90 

239 

41,236 

Apr/90 

459 

46.177 

May/90 

486 

42,593 

Jun/90 

484 

44.205 

168 
449 
2»7 
29B 

237 


Company.  0000860007  Trichloro-         Trjlluoro-        Telrachloro-    1.1,2,2-Teifa-   Tetrachloro-         Chloro-        1,2-Dichioro-    1 ,3-Dichtoro-    1 ,4-Dichloro- 
Cntr.pt.:  01  Prod            Daily  flow  ethylene        diioromaihwi*         methane      chloroethane       ethylene  benzene  benzene  benzene  benzene 
T/day          m3/day          mg/tonne         mq/ionne         mg/tonne         mg/tonne         mg/ionne         mg/tonne         mg/tonne         mg/tonne         mg/lonne 


Jan/90 

475 

44,765 

Feb/90 

494 

46,287 

Mar/90 

239 

41 .236 

Apr/90 

459 

46,177 

May/90 

486 

42.593 

Jun/90 

484 

44,205 

Table  2b.  Nonhatog»naf  d  volaltjaa  (ATG17).  Ablltbl-Prlca  Inc..  Ttiundar  Bay  DIvlalon.  (Data:  25-4-18B1). 
Company  0000660007 

Cnir  pt.:01  Prod            Daify  llow  Styrene  Benzene        m.p-Xylene        o-Xyiene  Toluene 
T/day          m3/day mg/tonna         mg/tonne         mg/ionne         mg/tonne         mg/tonne 


Date 

Jan/go 

475 

44.765 

Feb^O 

494 

46.287 

Mar/90 

239 

41.236 

Apr/90 

459 

46,177 

May/90 

486 

42,593 

Jun/90 

484 

44,205 

556 
5K 

30 


42 
93 
S3 

79 

60 


Tabia  t>b.  Inotganica  (ATG  3.  4.  6.  7  ft  15).  Abtllbj-Prica  Inc.,  Thundar  Bay  DIvlalon.  (Dale:  25-4-1Bfl1). 
Company.  0000860007 

Cnlr  pt.:  01  Prod.           Av    How                 pH            Conductivity      NH3  +  NH4        N02+N03          T«al-N  Tolal-P 
T/day          m3/day ijs/cm g/tonne g/tonne g /tonne g/tonne 


Date 

Jan/90 

481 

46,309 

Feb/90 

485 

45,570 

Mar/90 

461 

44,541 

Apr/90 

453 

41  326 

May/90 

470 

44,711 

Jun/90 

479 

47,411 

Sulphide 
gAonne 


5.0 
52 

5  1 
5  3 
4  8 

4  4 


653 
626 
632 

e&g 

790 

741 


34 
25 
34 
27 

16 
15 


181 
131 
121 
163 
209 
184 


18 
18 

15 
17 
26 
23 


Table  10b.  Group  and  unapacHIc  vaMabtaa  (ATG  1.  5.  B,  PPt-3).  AbHlbt-Prlca  Inc..  Thundar  Bay  Divtelon.  (Data:  25-4-1991). 

Company,  (X»0860007 

Cnlrpt,-  01  Prod,  Av  flow  BODS  AOX  COD  DOC  TOC  TSS  VSS  DOC/BOD 

T/day  m3/tonne  Kg/tonne         KgAonne  Kg/ionne         Kg/lonne         Kg/lonne  Kg/lonne  Kg/tonne 


Date 

Jan/go 

481 

96  3 

60.0 

Feb/90 

485 

33  9 

53,2 

MBr/90 

461 

96  7 

49  6 

Apr/go 

453 

91  3 

53  6 

May/90 

470 

95  2 

665 

Juo/90 

479 

99  0 

63  5 

31st  May  1991 

60  3 
53  3 
55  4 
49  9 
66  8 
64  e 


5-1 
4.5 
4,5 
3.1 
3.6 
36 


1.0 
1,0 
1.1 
0.9 
1.0 
1.0 
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Mill  04 


N.  McCittoln  ConsJtanis  Inc. 


BAT  DefinitiQn  Sludv.  Pub  and  Paper  Sector 


Tabl»  3b.  Exlfclabl*  b<»»  nautfla  (ATGIfl).  AblUbl-Prlc«  Inc.,  Thundtr  Bay  DIvltlon.  (Dalt:  25-4-1991}. 

Company.  0000860007  1  .Methyl-  2-Methyl-  1  -Chloro-  Z-Chtoro-  Benz[a]-  Dibenz[al 
Cnir.pt.:  01  Prod.  Daily  tiovy  Naphthalene  naphlhalene  naphlhalene  naphthalene  naphthalene  Anthracene  anthracene  anthracene 
I^^l! "^^'^^y mg/tonne         mg/lonne         mq/lonne         mg/lonne         mti/lonne         mg/tonne         mg/tonne         mg/lonne 


Date 

Jan/90 

475 

44,765 

Feb/90 

494 

46,287 

Mar/go 

239 

41,236 

Apr/90 

459 

46,177 

May/90 

486 

42,593 

Jun/90 

464 

44,205 

53 

37 


Company  0000660007 


Phenan- 


Acenaph-         Acenaph-       5-Nltro-ace-  Fluor-  Benz[b]-  Benz[k) 
Cnir.pt.:  01  Prod            Daily  flow            ihrene              ihene             thylene          naphihene        Chrysene          anihene        fluoranthene    tluoranthene 
li^Si! T2I^ mg/tonna          mg/lonne          mgAonne          mg/lonna          mg/tonne          ma/lonne          mg/tonne          mg/tonna 


Dale 

Jan/90 

475 

44.765 

Feb«0 

494 

46,287 

Uar/90 

239 

41 ,236 

Apr/90 

459 

46,177 

May/90 

486 

42,593 

Jun/90 

464 

44,205 

Fluorene 
mg/tonr>e 


Company  0000860007  BenzlaJ-     ideno[l,2.3-cd  Ben2[g,h,i]- 
Cnlr  pi .  01  Prod.           Daily  flow           Pyrene             pyrene             pyrene            Perylene  perylerw 
T/day          m3/day mg/ionna         mq/lonne         mq/lonne         mg/tonne         mg/lonne 


Date 

Jan/90 

475 

44,765 

Feb/90 

494 

46,287 

Mar/90 

239 

41,236 

Apr/go 

459 

46.177 

May/90 

486 

42,593 

Jun/90 

484 

44,205 

Indole 
mg/lonne 


Camphene 
mg/lonne 


73 


Table  4b.  Addle  #»tractabU«  (ATGgQ).  AbHlbl-PrIc*  Inc..  ThundT  Bay  Division.  (Dale-  2a-4-1991) 

Company  0000860007  4-Chtoro-' 
Cnir  pi  :  01  Prod            Daily  flow           Phenol           m-Cresol 
T/day 


m3/day  mg/tonna         mg/lonne 


Dale 

Jan/90 

475 

44.765 

. 

. 

Feb/90 

494 

46.287 

, 

. 

Mar/90 

239 

41 .236 

569 

690 

Apr/90 

459 

46,177 

392 

412 

May/90 

486 

42.593 

316 

245 

Jun/90 

484 

44.205 

247 

374 

o-Cresol 
mg/tonne 


p-Cresol 
mg/lonne 


2,4-)(ylenol 

mg/tonne 


m-cresol 
mg/tonne 


2-Chloro-       2.4-Dichloro- 

phenol  phenol 

mq/lonne         mq/ionne 


S4S 
202 

265 


Company  0000860007  2.6-Dlchlofo-       2,3,4.Tn-         ^I^.         TJJ^.         2,4,6-Tr.      2,3,4.5TeIra-  2,3.4.6-Tetra-  2,3,5  6-Tetra- ^^i^^^T^ 

Cnir  pi..  01  Prod            Daily  How            phenol        chlorophenol    chlorophenol    chlorophenol    chlorophenol    chlorophenol    chlorophenol    chlorophenol    chlofophenol 
^^^ ^^i^^^ mflflonne mg/tonne mg/lonne         mg/tonne         mg/lonne         mg/tonne         mg/tonne         mg/lonne         mg/lonne 


Dais 

Jan/90 

475 

44,765 

Feb/90 

494 

46,287 

Mar/90 

239 

41,236 

Apr/90 

459 

46,177 

May/90 

486 

42  593 

Jun/90 

484 

44,205 

Company  0000660007  4-Nitro- 
Cnir  pt  01  Prod  Daily  flow  phenol 
T/day          m3/day          mq/ionne 


Date 

Jan/90 

475 

44,765 

FebflO 

494 

46.287 

1,387 

Mar/90 

239 

41 .236 

- 

Apr/90 

459 

46.177 

2,817 

May/90 

486 

42.593 

2,016 

Jun/90 

484 

44,205 

2,4-0inU(o- 

phenoi 
mq/lonne 


4,6-Dinilro- 

O-CfOSOl 

mg/lonne 


31sl  May  1991 
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Mill  04 


N.  McCiitiin  Consttots  Inc, 


BAT  Delinilion  Study.  Pub  and  Paper  Seclor 


TabI*  5b.  Chlorlnaf  d.  n«ulral»  {ATG(23).  AbHlbl-PrIc*  Inc.,  Thund*r  Bay  DIvltlon.  (Dal«:  25-4-1891). 

Company  0000860007  Hexachloro-     Hexachloto-     Hexachloro-  1 .2,3-Trk:hloro!  ,2,4-TficNoro;,4,5-Trichioro- 1 ,2.3.4-Tetra- 1 ,2,3.5-TeIra- 

Cntr  pi    01  Prod  Datly  Itow  ethane  butadiene     yclopenladien      benzens  benzene  toluene       =hlorob©nzene=hlorobenzene 

mg/lonne         mg/lonne         mg/lonne         mg/tonne         mg/lonne         mg/Tonna         mg/tonne         mfl/lonne 


T/day  m3;day 


Dale 

Jan/90 

475 

44.765 

Feb/BO 

494 

46.287 

Maf/90 

239 

41 ,236 

Apr/90 

459 

46,177 

May/90 

486 

42,593 

Jun/90 

484 

44  205 

Company:  0000860007 

1.2.4,5-Tolt«. 

PanM- 

Haxa- 

Octachloro- 

Cntrpt.  OlProd            Daily  flow 

ctilo(ot>*n£efi« 

chloratwnzan* 

dhlorobcniHi* 

slyrene 

T/day          m3/day 

mfl/tonne 

mp/tonne 

mg/tonne 

mqflonne 

Date 

Jan/90 

475 

44,765 

Feb/90 

494 

46,287 

Mar/go 

239 

41,236 

Apf/90 

459 

46.177 

May/90 

486 

42,593 

Jun/90 

484 

44,205 

1  0 


0.5 


Table  6b.  Chlorinated  dioxine,  dlbenzofuranee  and  PCB'e  (ATG(23).  AbUlbl-Prlce  Inc.,  Thunder  Bay  Division.  (Paf :  25-4-1991; 
Company  0000860007                           2,3,7,8-              Total                Tolal                Total                Total                Tolal                Total  Total 
Cntr  pi    01  Prod             Daily  flow             TCDD                TCDD                TCDF                 PCDD                 PCDF                HxCDD              HxCDF               HpCDD 
T/day          m3/day           pgtonne           pgionns           pgtonne pgtonne ^Jgtonne pgtonne           ijgtonne pgtonne 


Date 

Feb^o 

494 

49,588 

Apr/90 

459 

46,177 

May/90 

486 

42,593 

Jun/90 

484 

44.205 

6.2 


47.2 


110.4 


461  8 


Company  0000860007 

Total 

Tolal 

Cnir  pt    01  Prod            Daily  flow 

HpCDF 

OCDD 

OCDF 

pea's 

T/day          m3/day 

pq/tonne 

pq/tonne 

ug/lonng 

Pflrtonne 

Date 
Feb/90 
Apr/90 
May/90 
Jun/90 


494 
459 
486 
484 


49,568 
46,177 
42,593 

44,205 


371  4 


1405.3 
3.7 


301  1 


Table  7b.  Fatty  and  renin  acids  (ATG  26) 

Abltlbl-Prlce 

Inc.,  Thunder  Bey  Olv)eion.  (Date 

■  25-4-1991). 

Company.  0000860007                                Oleic 

Pimanc 

Abietic            Dehydro-         Isopimaric 

Levopimarlc 

Neoabietic 

Dhlorodehydro- 

Cntrpt :  01  Prod.          Daily  ttow            acid 

acid 

acid          abietic  acid           acid 

acid 

acid 

abietic  acid 

T/day          m3/dav           g/tonne 

g/torne 

g/tonne            p/tonne            g/tonne 

g/ionne 

g/tonne 

q/tonne 

Dale 

Jan/90 

475 

44,765 

23  6 

110  3 

140  6 

110,3 

17  4 

19.8 

- 

Feb/90 

494 

46,287 

4  6 

32  8 

160.2 

138  7 

161,2 

51.5 

54.3 

- 

Mar/90 

239 

41,236 

414  1 

237  9 

34  5 

- 

-- 

Apr/90 

459 

46,177 

2  1 

7  3 

110.7 

114  3 

34  2 

10  6 

11  1 

- 

May/90 

486 

42,593 

1  8 

5  5 

75  4 

166  5 

25  4 

60 

7  4 

Jun/90 

484 

44,205 

23.7 

24  7 

392  7 

182  9 

105,0 

- 

54.8 

- 

Company  0000860007 

Dtchlorodehydrt 

Total  resin 

Total  resin 

Total  resin 

Gntf.pl.  01  Prod. 

Daily  flow      abietic  acid 

adds 

acids 

actds 

T/day 

m3/day           g/lonne 

g/tonne 

Kg/day 

<mg/l> 

Dale 

Jan/90 

475 

44.765 

Feb/90 

494 

46,287 

Mar/90 

239 

41 ,236 

Apr/90 

459 

46,177 

May/90 

486 

42,593 

Jun/90 

484 

44,205 

422 

200 

4  48 

599 

296 

6  39 

687 

164 

3  98 

268 

132 

2  86 

286 

139 

3.27 

760 

368 

8.32 

Values  for  dehydroabietic  acid  and  dichlofodabydroabtetic  acid  are  monthly  averages 


31sl  May  1991 
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N.  McCiJ±in  ConR^^af^-i  Inr, 


BAT  Delinition  Study.  Pub  and  Paper  Sector 


Tabl»  8b.  Mtlali  (ATG  ft  >12).  AbHlb(-Ptlc»  Inc..  Thundar  Bay  DlvUlon.  (Oaf:  25-4-1891). 

Company 
00008600C  Prod 
T/day 


Dale 
Jan/9D 
Feb/90 
Mar/90 
Apr/90 
May/90 
Jun/90 


Daily  flow        Berylium         Aluminium  Copper  Zinc  Chromium  Nickel         Molybdenum         Coball 

J2?f^3t fl/tonne  q/ionne  g/lonne  fl/tonne  g/lonne  q/tonne  g/tonne  g/ionne 


475 
494 
239 
459 
486 
4S4 


44,785 
48.287 
41,236 
46.177 
42,593 
44,205 


98 

86 

161 

88 

101 
119 


0.9 


0.9 


46 
6.2 

10.7 
7.2 
5.0 
5  8 


Company 
ooooaeooc  Prod 

T/day 


Dale 

Jan/90 
Feb/90 
M3r/90 
Apr/90 
May/go 
Jun/90 


Daily  flow 
m3/aay 


Vanadium 
Q/ionne 


Silver 

g/tonne 


Lead 
Q/tonne 


Cadmium 
fl/tonne 


Thallium 
g/lonne 


Mercury 

g/tonne 


475 
494 
239 
459 
486 
484 


44,765 
46,287 
41 ,236 
46,177 
42,593 
44,205 


0  6 


17.1 


0.4 

0.3 
1.5 


0.04 
0.05 
O.OS 
0.60 


Values  tor  aluminium  and  zink  are  monthly  aver^es 


31sl  May  1991 


-51- 


Mill  04 


«vot«go  now.  rroaucwon  ana  (-onauaiviiy  aata  Trom  ADraoi-Knce  inc.,  munaer  Bay  Uivision, 

Control  point  0100  (9-S1991). 
m^/day      t/day  ps/cm 

60000    -r  1500  r  4000 


50000    -I 
40000 
30000    -I 
20000 
10000    -I 


1000     '  '  " 


■,  o  ^'-/ vw  ^^..^^ -,.  J ,  N -^/ . 


rw^-^^ 


fv-y^-^-r^ 


"r/"^ 


-3000 


-2000 


-1000 


0    4 , , '    ,'      '      ' , 1— , rl-O 

1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


— Average  flow 

-  -  Conductivity 

—  Production 


TSS,  DOC  and  BODS  data  from  Abitibi-Price  Inc.,  Thunder  Bay  Division. 

Control  point  0100  (9-5-1991). 
kg/tonne 

100  -, 


80  J 
60 
40  - 
20  . 
0  --^"'^ 


f-^'^Jf^Mii^^'^^^^^ 


'\i^->-. 


—  DOC 
--TSS 
■  BODS 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


MILL  04 


N.  McCdbbin  Consulafta  Inc. 


BAT  Definilion  Study.  Pub  and  Paper  Sector 


Tabl«  lb-  H«loa«n«f  d  veUlll»«  (ATG15).  AbHlbl-Prlc»  Inc..  Fori  WIMIam  Dtvlalon..  (Daf :  25-4-1981). 

Company  0000660205  Chltxo-  Chloro-  Bromo-  Bfomodi-  Dehloro-       1.1-Dichlort>-    1.2-Dichloro-    1 ,1 -Dlctilofo- 
Cntf  pi    01  Pfod            Daily  Ikw          meihane          eihylane          tneihane     =hlofomeihane      methane  eihana  ethane  ethylene 
T/day          m3/daY          ma/ionne         mg/lonne         mg/tonne         irifl/tonne         mg/lonrw         mg/lonne         mg/lonne         ma/1onne 


Jan/90 

329 

25.449 

138.9 

Fab/QO 

360 

27.362 

Mar/so 

3B5 

25,393 

360  5 

Apr/90 

261 

24,449 

13  6 

May/90 

387 

25.373 

- 

Jun/90 

410 

20,206 

51.6 
44.0 


353  7 
1524  9 
1691  0 

697  1 


156 


Company  0000660205  trans-1 .2-Oi-    1 ,2-Dictiloro-     cis-1 ,3-Di-      trans-1 ,3-DI-       Dibnamo-  Trichtoro-  Oibromo-  TribtomO'  1 .1 ,2-Tri- 
Cnir.pi    01  Prod            Daily  flow     :hloroelhyleno      propane      ;hlOfopropyl8n.;hloropropylen.      ethylene          methane     chloromethane      methane        chloroethane 
JI^^l r"3/day          mg/lonne         mq/tonne         mg/ionne         mp/lonne         mg/lonne         mg/lonne         mg/tonne         mg/lonne           mq/lonne 


Jan/90 

329 

25,449 

F«b/90 

360 

27.362 

Mar/so 

385 

25,393 

Apr/90 

261 

24.449 

May/9D 

367 

25.373 

Jun/90 

410 

20,206 

2087  8 
28270 
1577  3 
2093  5 
2106  9 
4732 


Company  0000660205  Trichloro-         Tnfluofo-        Teirachloro-    1,1.2,2-Tetra.    Teirachloro-         Chloro-        1,2-Dichloro-    1,3-Dichtofo-     1.4-Dichloro- 
Cnif  01  :  01  Prod            Daify  How  ethylene       chia»n.th.n.         methane       chloroethane       elhylene  benzene  benzene  benzene 
I'.'^^y m3/day          mg/lonne         mp/ionne         mg/tonne         maAonne         mg/ionne         mg/ionne         mg/tonna         mg/lonne 


benzene 
mg/lonne 


Jan/90 

329 

25.449 

FebflO 

360 

27,362 

Mar/90 

385 

25,393 

Apr/90 

»1 

24,449 

May/90 

387 

25,373 

Jun/9Q 

410 

20,208 

Table  2b.  HQnhelog.nelad  voUill»e  (ATG17).  Ablllbl-PrU*  Inc.,  Fort  William  Dlvl»lon..  (Date:  25-4-1991). 

Company  0000860205 

Cnir  PI    01  Prod  Daily  flow  Siyren©  Benzene        m.p-Xylene        o-Xylena  Toluena 

T/day  m3/dav mg/lonne         mg/lonne         mq/ionne         mg/ionne         mg/ionne 

Dale 

Jan/90  329  25,449 

Feb/90  360  27,362  6 

Mar/90  385  25.393 

Apf/90  261  24.449 

May/90  387  25.373 

Jun/90 410  20,208 


38 

431 

- 

41 

31 

496 

- 

2 

5 

255 

196 

25 

3 

683 

- 

- 

- 

453 

- 

- 

434 

Table  »b.  Inorganlce  tATG  3.  4.  6.  7  I.  15).  AbHIbt-PrIca  Inc.,  Fori  WllHam  DIvlatcn..  (Date:  25-4-1991). 

Company  0000860205 

Cnir  pl.OIProd.            Av    How                   pH             Condunivity      NH3tNH4         N02*.N03  To(al-N  Total-P  Sulphide 
li^Sl! "'^/day ws/cm g/ionne            g/ionne            g/ionne            g/tonne  g/ionne 


Dale 

Jan/90 

346 

25,679 

Feb/90 

387 

25.994 

Mar/90 

349 

26.074 

Apr/go 

359 

24.564 

May/90 

399 

25.599 

Jun/90 

388 

22,080 

6  7 
66 
68 
66 
66 
66 


832 
925 

914 

960 

1060 

1015 


177 
159 
207 
209 
230 
205 


51 
13 
27 
37 
36 
23 


Table  10b,  Group  and  unepeetfte  vrlablaa  (ATG  1,  5,  fl.  PPl-3).  Abltlbl-Prica  Inc..  Fort  WIMIam  Divieion..  (Date:  25-4-1991). 

Company  0000860205  ' 

Cnir  pt    01  Prod  Av  flow  BODS  AOX  COD 
T/day           m3/lonne           Kg/lonne         Kg/lonne          Kgflonne 


Date 

Jan/90 

348 

74 

36  7 

, 

Feb/90 

387 

67 

38  3 

_ 

Mar/go 

349 

75 

42  7 

. 

Apr/90 

359 

68 

39  9 

, 

May/90 

399 

64 

38  4 

- 

Jun/90 

388 

57 

23  8 

- 

DOC 

Kg/tonne 


TOG 
Kg/lonne 


TSS 

Kg/lonne 


vss 

Kg/tonne 


DOC/BOD 


26.2 
28.6 
29.0 

28.5 
28  3 

22  1 


3  2 

3  2 
36 

3  1 
3  1 
1  8 


0.7 
0.7 
0  7 
0.7 
0.7 
09 


3131  May  1991 
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Mill02 


N.McCitbinConsularfetnc. 


BAT  DelinHion  Sludv.  Pub  and  Paper  Sector 


Tabl»  3b.  EMlfctabl*  ba»«  o»mrala  (ATGIB).  AbMlbl-PrIc*  Inc..  Fori  William  DIvtalon..  (DaU:  25-4-18B1). 

Company  0000860205  1-Methyl-  2-Methyl-  1-Chloro-  Z-Chtoro-  8en2[a]-  Dibanzfa) 

Cnlr.fH.:  01  Prod  Daily  flowf       Naphthalene    naphthalene    naphthalene     naphthalene     naphthalene     Anthracene      anthracene      anthracene 

T/day m3/day mgAonne         mg/tonne         mg/ionne         mq/ior<ne         mg/ionrw         mgAonne         mfl/lonne         mg/ionr» 


Date 

Jan/90 

329 

25.449 

FebflO 

360 

27.362 

Mar/9  0 

385 

25.393 

Apr/90 

261 

24,449 

May/90 

367 

25,373 

Jun/90 

410 

20,208 

Company  0000860205 

Pfwnan- 

Acanaph- 

Acenaph- 

5-Nitro-ace- 

Fluor- 

Benz[b]- 

Benzlk) 

Cntr.pl..  01  Prod            Daily  tlow 

threne 

Ihene 

Ihylene 

naphthene 

Chrysene 

anthene 

tluoranthene 

lluor  anthene 

Fluorene 

T/day            m3/day 

mfl/tonne 

mg/tonne 

mg/tonne 

mo/ionne 

mtj/tonne 

mg/tonne 

mq/tonne 

mcj/tonne 

mg/lonne 

Date 

Jan/90 

329 

25.449 

Feb/90 

360 

27,362 

Mar/90 

385 

25,393 

Apr/90 

261 

24,449 

May/90 

387 

25,373 

Jtin/90 

410 

20,206 

12 


Company  0000860205  Benz[a]-      ideno[l.2.3-cfl  Benz(9,h,il- 

Cnlr.pt    01  Prod            Daily  flow  Pyrene  pyrene  pyrene  Perylena  perylene  Indole  Camphene 
T/day m3/day mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mgAonrte         mg/ionne 


M 

70 

130 

163  30 


Dale 

Jan/90 

329 

25.449 

FetV90 

360 

27.362 

Mar/90 

385 

25.393 

Apr/90 

261 

24,449 

May/90 

387 

25,373 

Jun/90 

410 

20,208 

TabI*  4b.  Addle  vxiractabl** 

(ATG20). 

Abitibl-Ptic* 

Inc..  Fort  William  DIvIa 

on..  (Date:  25-4-1601). 

Company  0000860205 

4-Chloro- 

2-Cmoro- 

2,4-Dichloro- 

Cntr.pl    01  Prod            Daily  How 

Phenol 

m-Cresol 

o-Cresol           p-CresoJ 

2.4-xylenol         m-cresol 

phenol 

phenol 

T/day          m3/day 

mg/tonne 

mq/torme 

mgAonna         mp/ionne 

mq/tonne         mq/tonne 

mq/lonne 

mg/tonne 

Date 

Jan/go 

329 

25,449 

1,405 

309 

- 

1.391 

Feb/90 

36Q 

27,362 

1.880 

836 

- 

699 

Uar/90 

385 

25.393 

1.394 

634 

- 

466 

Apr/90 

261 

24.449 

660 

444 

48 

492 

May/90 

387 

25,373 

1.210 

382 

9 

704 

Jun/90 

410 

20,208 

1,774 

138 

380 

Company  0000660205 

2.6-Dtchloro- 

2,3,4-Tfi- 

2,3,5-Tri- 

2.4.5-Tn- 

2.4,6-Tri-      2,3,4,5-Tetfa-  2,3,4.6-TBtra-  2,3,5.6-Tetfa- 

Penta- 

Cntf  pt    01  Prod            Daily  flow 

pfwnol 

chlofophenol 

ctilwophenoi 

chl  Of  0  phenol 

chlofophenol    chlorophend    chlorophenol    chlorophend 

cWorophencri 

T/day          m3/day 

mg/tonne 

mq/tonne 

mq/tonn© 

mq/lonr>e 

mg/ionne         mg/tonne         mq/tonne         mq/Ionne 

mq/tonne 

Date 

Jan/90 

329 

25,449 

FebflO 

360 

27,362 

Mar/90 

385 

25,393 

Apr/90 

261 

24.449 

May /SO 

387 

25.373 

Jun/90 

410 

20.208 

81 

85 


Company  0000860205 

4-Njiro- 

2.4-Dimtro- 

4,6-Dlnitro- 

Cntr  pt    01  Prod.           Daily  How 

phenol 

phenol 

o-cresol 

T/day          m3/day 

mq/tonne 

mg/lonne 

mq/tonne 

Dale 

Jan/90 

329 

25.449 

- 

F6b/90 

360 

27.362 

- 

Mar/90 

385 

25.393 

-- 

Apr/go 

261 

24,449 

- 

May/90 

387 

25.373 

141 

Jun/90 

410 

20.208 

212 

3l9tMay  1991 
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Mill02 


N,  MoCtjfcbin  ConsJterte  Itk 


BAT  Definilion  Study.  Pub  and  Paper  Sedof 


Tibl*  5b.  Chloflnaf  d.  n»utt»f»  (ATG(33).  Ablltbl-Pflo  Inc..  Fo«  WIHIam  Dtvl»ton..  fPaf :  25-4-1BB1). 

Company  0000860205  Hexachloto-     Hexachloro-     Haxachloro-  1 ,2,3-Trichloro  1 .2.4-Trichloro  >,4.5-Tfichloro  1 ,2.3.4-TeIfa-  1 ,2.3,5-Tetra- 


Cntf  pt    01  Prod 

T/day 


Oats 

Jan/ao 
Feb/90 

Mar/90 
Apf/90 
May/90 
Jun/90 


Daily  fkNv 
m3/day 


eihane 

mg/tonno 


butadiene 
fng/ionna 


yclopentadien 
mg/lonne 


beniene 

mg/ionne 


benzene 

mg/ionna 


loiuene 
mg/tonoe 


329 
360 
385 
261 
387 
410 


25,449 
27.362 
25,393 
24,449 
25.373 
20.206 


:h  lo  robe  nzonezh  lorobe  n  zane 
mg/ionne         mg/ionne 


Company  0000860205  i.!.<,5-t.».-  p*nM. 

Cntr  pt     01  Prod  Dally    flow  chlorol>.nt*n.        ch>eiob»n,m» 

T/day  m3/day  mg/ionne         mg/ronne 


H«M-  Ociachloro- 

chicHDtwniHu         styrene 
lonna         mo/tonne 


Date 
Jan/90 
F9b/90 
Mar/90 
ADr/90 
May/so 
Jun/90 


ifl/tc 


329 
360 
385 
261 
387 
410 


25.449 
27.362 
25.393 
24.449 
25.373 
20,208 


Table  8b.  Chlorlnaf  d  dioilna,  dibenzofurana*  and  PCB't  (ATG(a3).  AblUbl-Prlca  Inc.,  Fort  WIIHam  Division.  (Daf :  25-4-1991) 
Company  0000860205                           2.3,7.8-  Toial  Tola!  Total  Tola!  Tolal  Toial  Tola! 
Cntr  pi     01  Prod             Daily   Now             TCOO                TCOD                TCDF 
T/day          m3/day tjgtonne pgionna 


Dale 

Feb/90 

356 

26.545 

Apr/9a 

261 

24,449 

Jun/90 

410 

20.206 

Ijgtonna 


PCDD 
tjgtonne 


PCDF 


HxCDD 
tjgtonne 


HxCDF 
pglonne 


HpCDD 
pgtpnne 


Company  0000860205  Total 

Cnirpi,  01  Prod  Daily  flow  HpCDF  OCDO  OCDF 
T/day          m3/day          tjg/tonne         pq/tonne          pg/tonna 


Date 

Fob/90 

356 

26,545 

Apr/90 

261 

24.449 

Jun/90 

410 

20,208 

«.1 

7,3 


Total 
RGB's 

tiflflonne 


Table  7b.  Faiiy  and  reain  aclde  (ATG  26).  Abltlbl-Prlee  Inc..  Fort  Wlltlam  DIvielon..  (Dale:  25-4-1991). 

Company  0000860205  Oleic  Pimaric  Abietic  Dehydro-         Isopimanc      Levopimanc      Neoabietic    i^hiorodehydro- 
Cntrpt    01  Prod            Daily  Dow             acid                 acid                 acid           abieiic  acid  acid  acid  acrd 
T/day          m3/day           g/tonne            g/ionna            g/tonne 


Date 

Jan/90 

329 

25,449 

FebW) 

360 

27.362 

Mar/90 

365 

25,393 

Apr/90 

261 

24,449 

May/90 

387 

25,373 

Jun/90 

410 

20.208 

g/tonne 


g/tonne 


Q/lonnB 


g/tonne 


abietic  acid 
g/tonne 


72 
122 
187 

5  1 

38 

4  e 


44  8 

203  5 

46  7 

205  7 

115  9 

4685 

18  1 

212  1 

19,1 

19B2 

32  0 

197  2 

235  6 
290.0 
239  4 
303  1 
2228 
187  1 


Company  0000860205                      OichlofOdehydri    Toial  resin         Total  res.n         Total  resin 
Cnif  pt    01  Prod            Daily  licw     abieiic  acid          acids              aods  acids 
'^"i^V m3/day           g/tonne            g/tonne Kg/day <mg/l> 


Date 

Jan/90 

329 

25,449 

Fab/so 

360 

27.362 

Mar/90 

385 

25,393 

Apr/90 

261 

24,449 

May/90 

367 

25,373 

Jun/90 

410 

20,208 

791  6 
8162 
1279  8 
653  2 
589  5 
694  8 


260 
294 
493 
170 
226 
285 


Values  tor  dehydroabieiic  acid  and  dichtorodehydroabietic  acid  are  monthly  averages 


10  23 
10  74 
19  40 
6,97 
8  99 
14  10 


244  a 
211  2 
3751 
71  5 
93  4 
231  7 


36  3 

6  1 
22.1 
18  9 
21  2 
23  7 


26.5 
54  6 

58  5 
27  1 
34  7 
23  2 


2  4 


3191  May  1991 
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MIII02 


NMeCtitonConsitotsinc. 


PAT  DelinHion  Study.  Pub  and  Paper  Sedor 


T»bU  tb.  MtUU  (ATG  9  H21.  Ablllbt-Prlc*  Inc..  Fori  WIHUm  Plvt»lon..  (DaU:  25-4-1991)- 

Company 

00008602C  Prod  Daity  flow        Berylium         Aluminium  Coppef  Zinc 

T/day m3/day gAonne gflonna qflonna 


Chromium            Nickel         Molybdenum         Cobalt 
flAonne gAonna  g/lonna gAonne g/tonna 


Dara 

Jan/90 

329 

25,449 

Feb/90 

360 

27,362 

Mar/9D 

385 

25.393 

Apr/90 

261 

24.449 

May/90 

387 

25.373 

Jun/90 

410 

20.208 

31 
22 
2S 

139 
54 

19 


1 


1 
26 


Company 
00008e02C  Prod 
T/day 


Daily  flow 
m3/day 


Vanadium 
gAonne 


Silver 
g/ionna 


Lead 
gAonne 


Cadmium 
gAonne 


Thallium 
gAonne 


Mercury 
gAonne 


Dale 

Jan/90 

329 

25,449 

- 

Peb/90 

360 

27,362 

- 

Mar/90 

385 

25,393 

- 

Apr/90 

261 

24,449 

1 

May/90 

387 

25,373 

- 

Jun/90 

410 

20,208 

1 

Vdues  for  aluminium  and  zink  are  monthly  averages 


31st  May  1991 


56- 


MiUOZ 


Average  flow.  Production  and  Conductivity  data  from  Abrtibi-Prlce  Inc..  Fort  William  Division. 
Control  point  0200  (4-5-1991). 
m^/day      t/day  ps/cm 

30000    -r1500  r4000 


25000    -I 
20000 
15000    - 

10000  -rsoo 

5000 


■  ' '  ' 


y      'fc'/t  '» 


-3000 


-2000 


-1000 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS,  DOC  and  BODS  data  from  Abitibi-Price  Inc..  Fort  William  Division.. 
Control  point  0100  (4-5-1991). 

kgAonne 
100   -. 


80  - 


Average  flow 
Conductivity 
Production 


1/Jan/90      31/Jan/90      1/Mar/90     31/Mar/90    30/Apr/90     30/May/90    29/Jun/90 


MILL  03 


N.  McCLJ±in  ConsulaniB  Inc. 


BAT  H^tfpition  Sludv.  Pub  and  Paper  Sedgr 


Tabli  lb.  HafoganaUd  volatU**  (ATG16) 

Abltlbl-Ptic* 

Inc.,  Pfovlncial  Papara  Division 

(Data:  2S-4-19B1). 

Company  0000660106                               Chloro- 

Chloro- 

BrcHTio-           Bfomodi-          Dictiloro- 

1 .1  -DichlofO-    1 .2-Dichloro. 

l.n-Dtchtoro- 

Cntr  pi    01  Prod            Daily  Ikm          methana 

Blhylane 

methane     ^hloromelhane      methane 

ethane             ethane 

eihylene 

T/day          m3/day          mg/ionne 

mg/tonne 

mg/tonne         mg/tonne         mg/tonne 

mg/tonne         mg/tonne 

mgAonne 

Jan/90 

417 

44.292 

Feb/90 

340 

55,079 

Mar/90 

433 

49,167 

Apr/90 

451 

47.520 

May/90 

475 

40,232 

Jun/go 

286 

41.558 

1,233 


647 

207 


1,625 

3,110 
136 
685 

3.342 


Company  0000860106 

trans-1.2-Di-    1  .Z-Oichtoro- 

as-1 .3-Di- 

iran8-1,3-Di- 

Dibromo- 

TfichlofO- 

DJbromo- 

Cntrpt    OlPfOd            Daily  ttow 

^hloroelhylene      propane 

:hlorap  ropy  ten 

:hloropfopyteni 

ethylene 

methane 

:hlotometfiane 

T/day          m3/dav 

ma/lonne         ma/tonne 

mo/lonne 

ma/Ion  ne 

mg/tonne 

mg/tonne 

mfl/lonn© 

Tribromo-         i,i,2-Tfi- 
methane       chloroethane 
mfl/tonne mg/tonne 


Jan/90 

417 

44.292 

Feb/90 

340 

55,079 

Mar/9a 

433 

49,167 

Apr/90 

451 

47,520 

May/90 

475 

40.232 

Jun/90 

2S6 

41,556 

414 
518 
500 

211 
855 
567 


Company  0000860106  Trichloro-  Tnfluoro-        Tetrachloro-    1 .1 ,2,2-Tetra-    Tolrachloro.  Chloro-         1 .2-DJchloro-     1 .3-Oichioro-    1 ,4-Dichloro- 
Cntr  pi    01  Prod            Daily  llow          ethylene        chiorDmathan*         methane       chloroethane       ethylene          benzene  benzene  benzene  benzene 
T/day          m3/day          mg/tonne         mg/tonne         mg/lonne         mg/tonne         mg/lonne         mgAonne         mg/tonne         mg/tonne         mg/lonne 


Jan/90 

417 

44,292 

Feb'gO 

340 

55,079 

Mar/90 

433 

49,167 

Apr^O 

451 

47,520 

May/90 

475 

40,232 

Jun/90 

2S6 

41,558 

30 


Tabia  ab.  Nonhatogenafd  volatilaa  (ATG17).  Ablitbl-Prlca  Inc..  Provincial  Papara  DIvlalon.  (Data:  25-4-18911. 

Company  0000860106 

Cnif  pt    01  Prod            Daily  flow          Siyrene           Benzene  m.p-Xylene  o-Xylene           Toluene 
T/day          m3/day mg/lonne         mg/tonne  mg/tonne  mg/tonne         mgAonne 

Dale 

Jan/90              417           44,292                    132                   329  23  40                      58 

Feb/90              340            55.079                    207                 1037  49  52 

Mar;90               433           49,157                    109                      73  47  60                    106 

Apr/90               451            47,520                      77                    123  26  32                      46 

May/90              475           40,232                    102                        -  153  138                      92 

Jun/90              286            41,558 - -  7992  2790                      99 


Table  »b.  Inorganlca  (ATG  3.  4.  6.  7  1  15).  Ablllbl-Prloa  Inc..  Provincial  Papara  Division.  (D»f:  25-4-1891 
Company  0000860106 

Cmrpi,  01  Prod.           Av    flow                 pH            Conductivity      NH3*NH4 
T/day  m3/day ^js/cm g /tonne 


Date 

Jan/90 

407 

51 ,404 

Feb/90 

396 

53,243 

Mar/90 

435 

49.687 

Apr/90 

436 

45,094 

May/90 

427 

41,933 

Jun/90 

435 

42,229 

7  6 

7  0 

6  8 
69 

7  0 
7  0 


382 
356 

321 
335 
360 
352 


4 

NO2+N03 

Total-N 

Total- P 

Sulphide 

flAonne 

g/lonne 

g/tonne 

flAonne 

85 

44 

228 

6 

24 

33 

124 

10 

■- 

30 

40 

110 

12 

- 

36 

30 

116 

7 

- 

5 

29 

82 

8 

. 

35 

31 

153 

6 

Tabia  10b.  Group  and  unapaclHc  varlablaa  (ATG  1.  5,  B.  PP1-31.  AbUlbl-Prlca  Inc..  Provincial  Papara  DIvlalon.  (Data:  25-4-1991) 

Company  0000860106 

Cnif  pt    01  Prod  Av   Mow  BOD5  AOX  COD 
T/day           m3/tonne          Kg/ionne          Kg/tonne         KgAonne 


DOC 

Kg/ionne 


Dale 

Jan/90 

407 

126 

9  6 

FeW90 

396 

134 

10  9 

Mar/90 

435 

114 

8  7 

Apr/90 

436 

103 

8  4 

May/90 

427 

96 

10  0 

Jun/90 

435 

97 

ID  7 

31slMay  1991 

TOC 
KgAonne 


TSS 

Kg/lonne 


vss 

Kg/lonr>9 


DOC/BOO 


6.9 
9.6 

5.9: 
7.8 
7  3 


6  8 
4  2 
29 
25 
3  3 
3  4 


07 
0.6 
OS 
0  7 
0  6 
07 
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MiHOS 


N  McCtitin  Consufants  Inc. 


BAT  Defkiftion  Study.  Pub  arxJ  Paper  Sedor 


T«bl>  3b.  Exir«cl«bl>  b«»«  n»mr«1«  (*TG1>).  AbHlbl-Prle«  tnc.  Provincial  P«p>r»  Ptvltlon.  (Daf :  25-4-18B1]. 

Company  0000860106  I.Meihyl-  2-Me«hyl-  1-Chtoro-  2-Chlofo-  Benz[a)-  Dibenz[a] 
Cmrpt  :  01  Prod  Daily  riow  Naphthalene  naphthaief>e  naphthalene  naphlhalene  naphthalene  Anthracene  anthracene  anthracene 
T/day m3/day mg /tonne         mgflonne         mg/torine         mg/lonne         mq/lonrw         mg /tonne 


ng/lonne         mg/tonne 


Date 

Jan/90 

417 

44.292 

Feb«0 

340 

55.079 

Mar/90 

433 

49.167 

Apr/90 

451 

47,520 

May/90 

475 

40.232 

Jun/90 

286 

41,558 

102 

160 


76 

44 


78 
44 


Company  0000660106  Phenan-  Acenaph-         Acenaph-       5-Nilro-ace-  Fluor-  Benzfb)-  Benz[k] 
Cntr.pt.:  01  Prod            Daily  Itow            ihrene              ihene             thylene          naphihone        Chrysene          anihene        Iluoranthene    lluofanttiene       Fluorene 
T/day            m3/day mgAonne          mgAonne          mg/tonna          mg/ionne          mg/lonne          mp/tonne          mg/tonne          mg/lonne  mg/tonne 


Dale 

Jan/90 

417 

44,292 

F«bfl0 

340 

55,079 

Mar/QO 

433 

49.167 

Apr/90 

451 

47.520 

May/90 

475 

40,232 

Jun/90 

286 

41,558 

Company  OD00860106  Benz[a]-      idBno[l  ,2,3-cc)  Benz[g.h,l]- 

Cntr  pt .  01  Prod            Daily  How  Pyrene  pyrene  pyrene  Perylene  perylene  Indole  Camphene 
T/day          m3/day mg/tonne         mg/lonne         mg/lonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne 


Date 

Jan/90 

417 

44,292 

Feb/90 

340 

55.079 

MBr/90 

433 

49.167 

Apr/90 

451 

47,520 

May/90 

475 

40,232 

Jun/90 

286 

41,558 

87 


TabI*  4b.  Acidic  •xtractablaa  (ATG20).  Ablllbi-Pric*  Inc..  Provincial  Papera  Divl»lon.  (Dale:  25-4-1991). 

Company  0000860106  4-Chlora-  2-ChlOfO-       2,4-Dichloro- 
Cnirpt    01  Prod            Daily  flow           Phenol           m-Cresol          o-Cresol           p-Cresol         2.4-)cylenol        m-ccesot  phenol  phenol 
T/day           m3/day          mg/lonne          mg/lonne          mq/ionne          mg/tonne          mg/lonne          mg/lonne 


Dale 

Jan/90 

417 

44,292 

FeW90 

340 

55,079 

Mar/go 

433 

49,167 

Apr/90 

451 

47,520 

May/90 

475 

40.232 

Jun/90 

286 

41,558 

mg/lonne         mg/ionna 


263 


58 


198 


160 


201 


407 


Company  000OB601O6  2.6-Dichloro-       2,3,4-Tri-  2.3.5-Tri-  2,4,5-Tfi-  2.4.6-Tri-      2,3,4, 5-Tetra- 2, 3,4,6-Tetra- 2,3,5, 6-TBtra-         Penia- 
Cntr  pi    01  Prod            Daily  flow            phenol        chlorophenol    chlorophenol   chlorophenol    chlorophenoi    chlorophenol    chlorophenol    chlofophenol    chlorophenol 
T/day          m3/day          mg/tonne         mg/tonne         mg/tonne         mg/lonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/lonne 


Dale 

Jan/90 

417 

44,292 

FeW90 

340 

55.079 

Mar/90 

433 

49.167 

Apr/90 

451 

47.520 

May/go 

475 

40.232 

Jun/90 

266 

41,558 

58 


Company:  0000860106 

4-Nltro- 

2.4-Dimtro- 

4.6-Diniiro- 

Cnir  pt    01  Prod            Daily  flow 

phenol 

phenol 

o-cresol 

T/day          m3/dav 

mg/tonne 

mg/ionne 

mg/ionne 

Dale 

Jan/90 

417 

44,292 

FeCi/90 

340 

55,079 

Maf/90 

433 

49,167 

Apr/90 

451 

47,520 

M3y/90 

475 

40,232 

Jun/90 

286 

41,558 

31st  May  1991 
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Tabl«  >b.  ChloTlnafd.  n»mr«i»  (ATG(a3).  AblUbt-Pflc*  Inc..  PfovlncUl  P»p«f  Dtvlalon.  (DaU:  25-4-1891). 

Company  0000660106  Haxachioro-  Hexachlofo-  Hexachlofo-  l,2.3-TricWof&l,2.4-TreNoro?,4,5-Tr(Chloro-l,2,3,4-T«lra-  1.2,3,5-T8lra- 
Cnlr.pl,;  01  Prod  Dairy  flow  ethane  butadiene  yclopentadien  benzene  benzene  toluene  shlorobenienechlorobenzene 
T/day         m3/dav         mg/tonne        mnj/ionne         mgAonne        mg/tonne        mfl/tonne        mg/ionne        mg/ionne        mg/ionne 


Dare 

Jan/90 

417 

44,292 

Feb/90 

340 

55.079 

Uar/90 

433 

49,167 

Apr/9a 

451 

47,520 

May/90 

475 

40,232 

Jun/90 

286 

41,556 

0.3 


Company  0000860106 

1,2,«,5-T*ka- 

p»m«- 

H*i(- 

Ociachloro- 

Cntr.pt..  01  Prod            Daily  flow 

chlOfDb«ni*n* 

chlo/obvniana 

ctilofotxnzMi* 

slyrene 

T/day          m3/day 

mfl/tonne 

mg/tonne 

mg/tonne 

(Tifl/ionne 

Date 

Jan/90 

417 

44.292 

FebflO 

340 

55.079 

Mar/90 

433 

49,167 

Apr/90 

451 

47,520 

May/90 

475 

40,232 

Jun/90 

286 

41,558 

Table  tb.  Chlorinated  dioxina,  dlbenzolurat)e»  and  PCB'a  (ATG(23).  Abttlbl-Prlce  Inc.,  Provtrtclal  Pap»ri  D(vl»lon,  (Date:   25-4-1991). 
Company  0000860106  2.3.7,8-  Total  Total  Total  Total  Total  Total  Total 
Cnir  pt    01  Prod            Daily  flow            TCOD               TCOO               TCDF               POOD               PCDF               HxCDO             HkCDF             HpCOD 
T/day          m3/day           Mflionne           tjgtonne           pglonne           pglonne           pfllonne           pgtonna           pglonne           pglonne 


Date 

Jun/90 


286 


41,558 


Company  0000860106 

Total 

Total 

Cntrpi    01  Prod.           Daily  (low 

HpCDF 

OCDD 

OCOF 

Fee's 

T/day         m3/day 

|jg/lonne 

pg/lonne 

Mfl/tonne 

(jg/tonne 

Date 
Jun/90 


286 


41.558 


Table  7b.  Fatly  and  reatn  aclde  (ATG  26).  Abttlbi-Prlce  Inc.,  Provincial  Paptra  Dlvlelon.  (Date:  25-4-1891). 

Company  0000660106                             Oleic              Pimaric             Abieiic            Dehydro-         Isopimanc      Levopimaric      Neoabietic    Dhlorodehydro- 
Cnlrpl    01  Prod.           Daily  flow             acid                 acid                 acid           abieiic  acid            acid                  acid  acid  abielicacid 
T/day          m3/aay g/tonne g /tonne g/tonne g /tonne g/ionna g/tonne g /tonne 


Dale 

Jan/90 

417 

44,292 

Feb/90 

340 

55,079 

Uar/90 

433 

49,167 

Apr/90 

451 

47.520 

May/90 

475 

40,232 

Jun/90 

286 

41,558 

g/tonne 


13  0 


7  6 


2  5 


2  0 

29  5 

4  4 

10.7 

63  9 

194 

5,7 

31  5 

5  2 

0.9 

£8  6 

0  8 

- 

40  2 

1  6 

78  4 

7  3 

Company.  0000860106                    Dichlorodehydrt    Total  resin        Total  restn        Total  resin 
Cntfpi :  01  Prod            Daily  flow     abisiic  acid          acids  acids  acids 
T/day ml/aay g/tonne g/ionne Kg/day             <m 


Date 

Jan/90 

417 

44.292 

Feb/90 

340 

55,079 

Mar/so 

433 

49,167 

Apr/90 

451 

47,520 

May/90 

475 

40,232 

Jun/90 

286 

41 ,558 

35  9 

101  7 

42.4 

30.4 
41  6 
flOO 


15 
35 
16 
14 
20 
26 


S/1> 

0  34 
0  63 
0  37 
029 
0  49 
0  62 


Values  for  dehydroabieiic  acid  and  dicfilorodehydroabietic  actd  are  monthly  averages 


1.9 


3l3t  May  1991 


Minos 


N.McCt±t3inCon9Jart3lnc. 


BAT  DetinJtion  Sludv.  Pub  and  Paper  Sedor 


TabI*  >b.  M»l«l«  (ATG  8  t121.  AbHIbtPrtc*  Inc..  P>ovtncl»l  P«pT«  Dlwl«lon.  (D»f :  25-4-1881). 

Company 
0000860  tC  Prod 
T/day 


Daily  fkw         Bsryliuni 
m3/day  flflonna 


Aluminium 
fl/lonne 


Copper 


Zinc 
g/lonne 


Chromium            Nicks  I         Molybdenum         Cobalt 
ine  g/lonne g/lonne g/ionne 


g/tonr 


Date 

Jan/90 

417 

44.292 

FebflO 

340 

55.079 

Mar/90 

433 

49.167 

Apr/90 

451 

47.520 

May/90 

475 

40,232 

Jun/90 

286 

41,556 

265 

0.7 

42 

347 

- 

5.1 

198 

26.1 

6.6 

230 

12.2 

26 

174 

- 

3.1 

161 

04 

30 

0.3 


Company 
00008601 C  Prod 

T/day 


Oariy  How 
m3/day 


Vanadium 

g/lonne 


Sitver 
g/lonne 


Lead 

g/lonne 


Cadmium 

g/ionne 


Date 

Jan/90 

417 

44,292 

1  5 

FebflO 

340 

55.079 

1.1 

Mar/90 

433 

49.167 

- 

Apr/90 

451 

47.520 

2  1 

MBy/90 

475 

40,232 

. 

Jun/90 

286 

41.558 

1  6 

Thallium 
g/lonne 


Mercury 
g/ionne 


0.5 


0.1 

0.04 

D.3 

0.06 

02 

0.05 

0.3 

0  01 

1.7 

. 

Values  lor  aluminium  Br>d  zink  are  monthly  averages 


31st  May  1991 
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MiH03 


Average  flow,  Production,  and  Conductivity  data  from  Abitibi-Price  Inc.,  Provincial  Papers  Division, 

Control  point  0100  (9-5-1991). 

ps/cm 
p600 


m-^/day       t/day 
60000    -r  1500 


1/Jan/90      31/Jan/90       1/Mar/90     31/Mary90    30/Apr/90     30/May/90    29/Jun/90 

DOC,  TSS  and  BODS  data  from  Abitibi-Price  Inc.,  Provincial  Papers  Division, 

Control  point  0100  (9-5-1991). 

kg/tonne 
25  T 


20 
15 

10 
5 


0  ■ 


:^V". 


—  Average  flow 
- "  Conductivity 

—  Production 


—  DOC 
--TSS 
■  BODS 


1/Jan/90      31/Jan/90      1/Mar/90     31/Mar/90    30/Apr/90     30/May/90    29/Jun/90 


MILL  03 


N  MoCtAJMi  ConsJana  Inc. 


BAT  Detinilion  Study.  Pub  and  Paper  Sector 


Tabl«  lb.  Hilog«n»t>d  vol«tll»«  (ATGIft).  Abltlbt-Prtc«  Inc.  .  rfcquol»  Fall>  DIvlalon..  (Dal»:  1B-5-1Bfl1). 

Company  0000860403  CtHofO-  Chlofo- 
Cntipi  01  Prod  Daily  flow  methane  elhylena 
T/day          m3/day          mg/lonna         mg/Tonne 


Bfomo- 

Bfomodi- 

DichlOfo- 

1 .1  -Oichtoro- 

1 ,2-Dichloro- 

1,1-Dichloro- 

me  thane 

^lofomethtme 

methane 

ethane 

eihane 

elhylene 

mg/ionne 

mg/lonne 

mg/ionne 

mg/torne 

mg/tonne 

mg/tonr>e 

Jan/90 

929 

62,700 

^ 

Feb/9D 

S42 

&8.809 

Mar/90 

S30 

60.559 

2.701 

Apr/90 

900 

59,830 

5, §4  7 

May/90 

873 

64,360 

- 

Jun/90 

832 

67,460 

. 

49 


142 


505 


26 


297 

196 


638 


13 


54 


21 


Company  0000860403  tfans.1.2-Di-  IjZ-Dichtoro-  as-1.3-Di-  tranB-1.3-0i-  Dibromo- 
Cnlr  pi  01  Prod  Daily  (low  :hlOfoelhylene  propane  :hloropropylen.:hloropropyteni  ethylene 
T/day          m3/c)ay  mg/ionne         mg/tonne         mg/lonne         mo/tonne         mg/ionne 


Tfchtoro- 

m9lhane 
ma/lonn« 


Oibfomo- 

:hlofomethanfi 
mp/lonne 


Tnbromo-  1,1.2-Tfi- 

methane       chloroethane 
mg/lonna mg/tonne 


Jan/90 

929 

62,700 

FBb/90 

842 

58,809 

Maf/90 

830 

60,559 

Apf/90 

900 

59.830 

M8y/90 

873 

64,360 

Jun/90 

822 

67,460 

13 


13 


19 


12 


Company  0000860403 

Tfchtoro- 

Tntluofo- 

Tetrachloro- 

Cntr  pi    01  Prod             Daily  (tow 

eihylene 

chloiamattiaiw 

methane 

T/day          m3/day 

mg/ionno 

mg/tonne 

mg/tonne 

1,168 
741 
723 
4,518 
1,232 
1,868 


16 


33 


14 


■    I,1,2,2-Tatf8- 

Telrachlofo- 

Chloro- 

1 .2-Dichtofo- 

1 .3-Dichtoro- 

1 .4-Dichtoro- 

chloroeihane 

ethylene 

benzene 

benzens 

benzena 

benzene 

mg /Ion  fie 

mg/tonne 

mjj/ionne 

mg/tonna 

mg/tonne 

mg/tonne 

Jan/90 

929 

62.700 

Feb«0 

842 

58,809 

Mar/90 

830 

60,559 

Apf/90 

900 

59.830 

May/90 

873 

64,360 

Jun/go 

622 

67,460 

61 


17 


6B 


21 


14 


17 


16 


15 


15 


Table  2b.  Nonhaloq»naf  d  volatile  (ATG17).  Ablllbl-Prlce  Inc.  .  Ifoquoli  FaU»  DlvliJon..  (Dale:  1g-5-iafl11 
Company  0000860403 

Cnlr.pl.;  01  Prod            Daily  flow  Styren©  Benzene        m,p-Xylene        o-Xylene  Toluene 
T/day          m3/day mg/tonne         mg/tonne         mg/tonne         mg/ionns         mg/lonne 


Dale 

Jan/90 

929 

62,700 

23 

Fflb/90 

842 

58,809 

18 

Mar/90 

830 

60,559 

Apf/90 

900 

59,830 

16 

142 


199 


May/90  673  64,360 

■Jun/90  822  67,460 


14 

16 

49 

15 

13 

33 

20 

- 

60 

14 

13 

16 

- 

- 

27 

- 

- 

57 

Table  9b.  Inofflanlci  (ATG  3.  4.  6.  7  t  15).  AbUlbl-Pftce  Inc.  .  iroqupta  Falla  DIvlilon..  (Dale:  ia-5-n991) 

Company  0000660403 

Cntfpt    01  Prod            Av    flow                 pH            Conductivity      NH3  +  NH4        N02+N03  Toial-N  Toial-P  Sulphide 
y^ "^^^''^y PS/cm g/tonne            g/ionna            g/ionne            g/tonne  g/lonne 


Dais 

Jan/90 

833 

62.187 

Feb/90 

801 

60.930 

Mar/90 

770 

56,932 

Apr/90 

795 

59  897 

May/90 

817 

64,782 

Jun/90 

790 

69,768 

5  1 
5  1 
5  2 
5  3 
4  9 
4  9 


1120 
1129 
1096 
1174 
1151 
1129 


10 
6 
9 

11 

14 
14 


27 
17 
21 
5 
17 
21 


209 
221 
222 
226 
255 
327 


49 
38 
36 
35 
42 
44 


labia  10b.  Group  and  unapacilic  varlablaa  (ATG  1.  S.  »■  PPl-31,  Ablllbl-Prica  Inc.  .  Iroquola  Falla  Ptvlalon..  fPata:  1B-5-19B11 

Company  0000860403  

Cntrpt    01  Prod             Av   flow                 BODS                 AOX                   COD                   DOC                  TOC                   TSS                   VSS              DOC/BOD 
T/day  m3/lonne  Kgflonne         Kg/lonne  Kg/lonne  Kg/lonna         Kg/lonne  Kg/tonne  Kg/tonne 


Date 

Jan/90 
FetV90 
Mar/90 
Apf/90 
May/90 
Jun/90 


833 
801 
770 
795 

817 
790 


75 
76 
74 
75 
79 
86 


70  2 
73  0 

65  5 
70  9 

66  3 
73  4 


64.1 
55.9 

56.8 

640 
68  3 


9  7 

9  1 

a  0 

10,1 
102 

10  1 


0.9 

0.9 
0.9 
OS 
1,0 
09 


3tslMay  199t 
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T«bU  3b.  Ei(lf  clab(«  b*»»  n»mf»l»  (ATG1B).  Ablllbl-Pfto  Inc.  .  Iroquola  Falli  DtvUlon.,  (P>1»:  H-5-19B1). 

Company  0000860403  l-Maltiyl-  2-M«nyl-  1-Cfilofo-  2-Chlofo-  Benzla)-  Dibeni[al 
Cn1r.pt..  01  Prod  Daily  now  Napntnalene  naphrhakane  napM^alena  naphlhatons  naphthalene  Anthracana  anthracene  emhracene 
T/day          m3/day mg/tonne         mg<1onne         mg/tonns         mg/tonne         mg/tonne         mg/lonna         mgAonne         mg/lonna 


Data 

Jan/so 

929 

62,700 

FabiVO 

642 

58,809 

Mar/90 

830 

60,559 

Apr/90 

900 

59.830 

Uay/90 

873 

64.360 

Jun/90 

822 

67.460 

Company  0000860403 

Phenan- 

Acenaph- 

Acenaph- 

5-Nitro-ac«- 

Fluor- 

Benzlb]- 

Benz[k] 

Cnlr.pt.iOIProd.           Daily  llow 

ihrene 

thene 

Ihylene 

naphlhane 

Chrysene 

amhene 

fluoranlhana 

ftuoranlhane 

Fluorena 

T/dav          m3/(Jav 

mg/tonne 

mg/tonne 

mq/tonne 

mfl/tonno 

mg/tonne 

mfl/tonne 

mfl/lonne 

mfl/tonne 

mg/ionne 

Date 

Jan/90 

929 

62,700 

Feb/90 

842 

58,809 

Mar/90 

830 

60.559 

Apf/90 

900 

59,830 

May/90 

873 

64.360 

Jun/90 

822 

67.460 

Company  0000660403 

Benz[a]- 

idBno[1.2,3-ca 

Benz[g.h,i]- 

Cnir  pi.:  01  Prod.           Dajly  flow 

Pyrena 

pyrene 

pyrene 

Perylene 

perylene 

Indole 

Camphene 

T/day          m3/day 

mg/lonna 

mq/tonne 

mq/lonne 

mg/lonne 

mg/lonne 

mq/lonne 

mg/tonne 

Date 

Jan/90 

929 

62.700 

F«b/90 

842 

58,809 

tAKJiO 

830 

60.559 

ftprWJ 

900 

59.830 

May/so 

873 

64.360 

Jun/90 

822 

67,460 

856 
363 


771 

164 


Table  4b.  Acidic  eKtractablea 

(ATG20). 

Ablllbl-Ptlce 

Inc.  ,  Iroquo 

•  Falls  Division..  (Date 

1B-5-1091) 

Company  0000860403 

4-Ghlofo- 

2-Chloro- 

2,4-Dichloro- 

Cnifpi    01  Prod            Daily  flow 

Phenol 

m-CresoJ 

o-Cresol 

p-Cresol         2.4-xylenol 

m-cresol 

phenol 

phenol 

T/day         m3/day 

mg/tonne 

mg/tonne 

mg/lonne 

mg/lonne         mg/lonne 

mg/tonne 

mg/tonne 

mg/tonne 

Dale 

Jan/90 

929 

62.700 

Feb/90 

842 

58.809 

294 

384 

Mar/90 

830 

60,559 

219 

Apr/90 

900 

59,830 

199 

253 

May /go 

873 

64.360 

280 

280 

Jun/90 

822 

67.460 

337 

304 

74 


230 


Company  OOOOB60403 

2.6-Dichloro- 

2.3,4-Tri- 

2,3,5-Tfi- 

2,4,5-Trh 

2,4,6-Tfi.      2,3,4, 5-Tetra-  2,3,4,6-Teira-  2,3,5.6-Teira- 

Penla- 

Cnlr  pt..  01  Prod            Daly  flow 

phenoi 

chlorophenol 

chlorophenol 

chtorophenoJ 

chlorophenol   chlorophenol   chlorophenol   chlorophenol 

chlorophenol 

T/day          mS/day 

mq/lonne 

mg/lonne 

mg/lonne 

mg/tonne 

mg/tonne         mg/lonrw         mg/ionne         mg/tonne 

mq/lonne 

Date 

Jaiwso 

929 

62.700 

FeUBO 

842 

58,809 

Maf/90 

630 

60.559 

Apr/90 

900 

59.830 

May/90 

873 

64.360 

Jun/90 

822 

67,460 

Company  0000860403 

4-Nrtfo- 

2.4-Oiniiro- 

4.6-Oinilro- 

Cntr  pi    01  Prod            Daily  Ikw 

phenol 

pher>ol 

o-cresol 

T/dav         m3/day 

mg/tonne 

mp/tonne 

mgAonne 

Date 

JanAK) 

929 

ffi,700 

Psbm 

642 

58,809 

Mar/90 

830 

60,559 

Apr/90 

900 

59,830 

May/90 

873 

64.360 

Jun/90 

822 

67,460 

2.392 


31st  May  1991 
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N.  McCiJ±iin  Consulanto  Inc. 


BAT  Dettnitton  Study.  Pub  and  Paper  Sedor 


T>br«  5b.  Chrortnaf d.  naulralt  (ATG(23).  AbUlbl-Prlc«  Inc.  .  Iroquol*  F«ll»  DIvltlon..  (Dif:  1B-5-1BB1). 

Company  0000860403  Hexachloro-  Hexachloro-  Hexactiloro-  l.2,3-TrK:hloro-l,2,4-TfK;hloro3.4,5-Trtchloro-1,2.3,4-Tetra- 1 ,2,3.5-Tetra- 
Cntr  pt :  01  Prod  Daily  flow  ethane  butadiene  yclopentadlen  benzene  benzene  toluene  :;hlorobenzenE:hlorobenzene 
T/day          m3/day          mg/tonne         mfl/tonna         mfl/tonne         mg/lonne         mp/tonne         mg/tonne         mg/tonne         mg/tonne 

0  3 

1.8  ....  . 

1.3  -  -  -  -  - 

05  .  ^  .  .  . 

04  -  ...  - 


Dale 

Jan/so 

929 

82.700 

Feb/90 

842 

58,809 

Uar/90 

830 

60,559 

Apr/90 

900 

59.830 

May/90 

873 

64,360 

Jun/90 

822 

67.460 

Company:  0000860403 

I.2.4.S-T»lt(- 

P«nll- 

H«i' 

Octachloro- 

Cntr  pi.  01  Prod            Dally  Itow 

ehlorotHnian* 

ch<otob*ni«n* 

cMwobaniarM 

styrene 

T/day          m3/day 

ma/lonne 

mg/tonne 

mg/lonne 

mg/lonne 

Dale 

Jan/90 

929 

62.700 

Feb/90 

842 

58.809 

Mar/90 

630 

60,559 

Apr/90 

900 

59.630 

May/90 

873 

64,360 

Jun/90 

822 

67,460 

0.3 

1,1 

04 


Table  »b.  Chlorln«l«d  dloxlne,  dlb«niolurane»  and  PCB'e  (ATG(a3).  AbHIbt-Pflce  Inc.  .  Ircquol*  Falle  DIvtelon..  (Daf :  1B-5-19ai). 
Company  0000860403                           2,3,7,8-              TolaJ                Total                Tola)                Total                Total                TotaJ  Total 
Cntr  pt    01  Prod             Daity  ttow             TODD                TCDO                 TCDF                 PCDO                 PCDF                HxCDD              HxCDF               HpCDD 
T/day          m3/day           pgtonna           pglonna           tjgionne           ^jfltonne ^Jglonne           ugtonne pgionne gglonne 


Date 
May/90 


817 


64.360 


Company  0000660403 

Total 

ToiaJ 

Cntr  pi,  OiPfod            Daily  flow 

HpCDF 

OCDD 

OCDF 

FOB'S 

T/day          m3/day 

pgflonne 

|jg/tonne 

pg/lonne 

ug/lonne 

Date 
May/90 


817 


64.360 


IB  4 


3  9 


TabU  7b. 

Falty  and  reafn  acids  (ATG  26) 

Ablttbi-Prl 

B*  Inc.  ,  Iroq 

uola  Falia  D 

vision..  (D 

Its:  16-5-1991). 

Company:  0000860403 

Oleic 

Pimaric 

Abieiic 

Dehydro- 

Isoptmaric 

Levopimaric 

Neoabietic 

Ihlorodefiydro- 

Cntr  pi:  01  Prod 

Daily  flow 

acid 

acid 

acid 

abietlc  acid 

acid 

acid 

acid 

abieiic  acid 

T/day 

m3/dav 

Q/tonne 

g/ionne 

Q/lonne 

g/tonne 

g/lonne 

g/tonne 

g/ionne 

q/lonne 

Dale 

Jan/90 

929 

62,700 

4  8 

297  1 

266  3 

276  8 

29  7 

. 

Fehrao 

842 

58,809 

4  3 

50  3 

202  7 

334  9 

188  7 

17  5 

16  2 

. 

Maf/90 

830 

60,559 

153  3 

214  5 

1  0 

9  3 

, 

Apf/90 

900 

59.830 

4  5 

21  9 

179  4 

273  7 

206  0 

17  9 

166 

3.3 

May/90 

873 

64,360 

7  1 

21  4 

236  0 

328  4 

89  3 

56  1 

620 

, 

Jun/90 

822 

67,460 

172 

50.1 

270  9 

296  4 

287  3 

36  1 

40  2 

. 

Company  0000860403 

Dichlorodenydrc 

Total  ream 

Total  resin 

Total  resin 

Cntf  pi :  01  Prod 

Daily  flow 

abletic  acid 

acids 

acids 

adds 

T/day 

m3/day 

g/tonne 

g/tonne 

Kg/day 

<mg/!> 

Date 

Jan/90 

929 

62,700 

- 

874  7 

612 

1296 

FeW90 

842 

56,809 

- 

812  2 

683 

11  62 

Mar/90 

830 

60.559 

• 

378  1 

314 

5  16 

Apr/90 

900 

59,830 

718  9 

647 

1082 

May/90 

873 

64,360 

773  2 

675 

10  48 

Jun/90 

822 

67,460 

980  9 

ac* 

11  95 

Values  for  dehydroabietic  acid  and  dichlorodehydroabletic  acid  are  monthly  averages 


3l8t  May  1991 
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Company 

0OO086O4C  Prod 

Dajly  flow 

Berylium 

Aluminium 

Copper 

Zink 

Chromium 

Nickal 

Molybdenum 

Cobalt 

T/dav 

m3/day 

g/lorns 

0/lonne 

g/lonne 

g/lonne 

g/tonne 

g/tonna 

flAonne 

Q/lonne 

Date 

Jan/90 

929 

62,700 

Feb/SO 

842 

56,609 

Mar/90 

830 

60.559 

Apr/90 

900 

59.630 

May/90 

873 

64.360 

Jun/90 

822 

67.460 

316 

1  6 

7.9 

0.9 

0.6 

275 

1.3 

12.9 

- 

- 

223 

1  5 

12.9 

08 

0.9 

216 

7.5 

5  1 

- 

- 

160 

2  4 

16.5 

10 

19 

129 

1.4 

12.0 

. 

08 

Company 

00008604C  Prod 

Daily  new 

Vanadium 

Silver 

Lead 

Cadmium 

Thallium 

Mercury 

T/dav 

m3/day 

fl/tonne 

fl/tonne 

g/tonne 

g/lonne 

g/tonne 

fl/tonne 

Date 


Jan/go 

929 

62,700 

0  8 

0  5 

0  08 

. 

. 

Feb/90 

642 

58,809 

0  8 

0  06 

. 

. 

Mar/go 

830 

60,559 

0.5 

02 

0  07 

- 

0.03 

Apr/90 

900 

59.630 

0,5 

0,01 

- 

0.00 

May/go 

873 

64,360 

2.1 

52 

- 

. 

. 

Jun/90 

822 

67,460 

- 

- 

2  46 

. 

Values  lor  aluminium  and  zrnk  are  monthly  averages 


3131  May  1991 
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Average  flow  .  Production  and  Conductivity  data  from  Abitibi-Price  Inc..  Iroquois  Falls  Division. 

Control  point  0100  (5-5-1991). 
m^/day      t/day  ^Js/cm 

80000    T  1500  -r.4000 


60000 


40000 


20000 


-.3000 


-.2000 


1000 


T 1 1 • 1 1 r 

1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS.  DOC  and  BODS  data  from  Abitibi-Price  Inc.  ,  Iroquois  Falls  Division., 

Control  point  0100  (5-5-1991). 

■ 
kg/tonne   ^ 

100  -j 

80  -       ■]     ■ 


60 


40  - 


20  - 


-  ^..^...^ 


„''-^,-„ ->.;,, 


■v- 


I, 


0  -r . , r 

1/Jan/90      31/Jan/90      1/Mar/90     31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


Average  flow 

Conductivity 

Production 


MILL  01 


N.  McCitobin  ConsiJanIs  Inc. 


BAT  Delinilion  Study.  Pu>p  and  Paper  Sedor 


TabU  lb.  H«log«n»ud  volailUt  (ATG1B).  Bol»»  Ca>c»d«  Ciinada  Inc.  (K«nora).  (DaH:  29-4-19B1). 

Company  0000870006  Chloro-  CWoro-  Bromo-  Bfomodi-  Dichloro-        1 ,1-Oictitoro-    1 ,2-Dichlofo.    1 ,1 -Dichloro- 
CfiTr  pi    01  Prod            Daily  llow          methana          athylen©          melfiane     =hloromeihane      meihane  ©Ihane  ©mana  emylsna 
T/day          mS/day          mg/lonne         mg/lonne         mg/lonne         mg/tonne         mg/lonne         mg/lonne         mg/lonne         mg/lonn© 


Jan/90 

1,005 

45,540 

Feb/90 

981 

46.860 

Mar/90 

1.041 

40.540 

Apr/90 

1,084 

43.305 

May/90 

892 

52,500 

Jun/go 

855 

45,990 

Company  0000870006  trans-1.2-Di-  1 .2-Dicti(oro-  cis-1.3-Di-  trans-1 ,3-Di-  Dibromo- 
Gnif  pt  01  Prod  Daily  llow  :filoroethyl9ne  propane  ihloropfopylennhioropropylen-  ©Itiylane 
T/day          m3/day  mg/tonna         mn/tonne         mq/tonne         mg/lonne         mg/lonne 


Jan/90 

1.005 

45,540 

Feb/90 

981 

46,660 

Mar/90 

1.041 

40,540 

Apr/90 

1,084 

43,305 

May/90 

892 

SZ,500 

Jun/90 

655 

45.990 

Trichtoro- 

Dibfomo- 

Trlbromo- 

1.1.2-Tn- 

methane 

■hlofomeihanc 

methane 

chloroethane 

mg/lonne 

mg/tonne 

mg/lonne 

mq/tonne 

372 

306 

- 

- 

- 

106 

. 

. 

. 

647 

- 

- 

0 

602 

, 

Company  D000870006  Tnchloro-         Tnlluoro-        Teirachloro-    1 ,1,2,2-Tetfa-    Telrachloro-         CMoro-        1 ,2-Dichloro-    1 ,3-Dlchloro-    1 ,4-Dicriloro- 
Cmr  pi    01  Prod            Daily  flow  ethylene       chi=r™.*»>,        melhan©       chloroethane       ethylene  benzene  benzene 
T/day          m3/day          mg/lonne         mg/lonne         mg/ionne         mg/ior^ne         mgjionne         mg/tonne 


mg/lonne 


benzene 
mg/lonr^e 


benzene 
mg/lonne 


Jan/90 

1,005 

45,540 

Feb/90 

961 

46.860 

Maf/90 

1,041 

40,540 

Apr/90 

1.084 

43  305 

May/90 

892 

52  500 

Jun/90 

855 

45.990 

Tabia  2b.  Nonhaloganai^d  volalllaa  (ATG17).  Bolaa  Caacada  Canada  Inc.  (Kanofa).  (Dala:  29-4-1991). 
Company  0OOOS70O06 

Cnir  pi    01  Prod            Daily  flow  Slyrone 
T/day           m3/daY mg/lonn© 


Dai© 

Jan/90 

1,005 

45,540 

FebflO 

981 

46,860 

Mar/90 

1.041 

40,540 

Apr/90 

1,084 

43,305 

May /9a 

692 

52,500 

Jun/90 

855 

45,990 

Benzene        m.p-Xylene        o-Xylene  Toluene 

mg/lonne         mp/lonne         mg/tonn©         mfl/lonne 


36 


47 


108 


Tabia  9b.  Inorganic*  (ATG  3.  4,  6.  7  t  15).  Bolaa  Caacada  Canada  Inc.  (Kanora).  (Data:  29-4-19811. 

Company  0000870006  "  

Cntr  pt    01  Prod             Av    flow                   pH 
T/day  m3/dav 


Dale 

Jan/90 

971 

46.123 

Fab/90 

975 

48,642 

Mar/90 

991 

45,344 

Apr/90 

687 

46,509 

May/90 

692 

49,367 

Jun/90 

855 

50.870 

Conductivity      NHS  +  NH4         N02+N03 
Ms/cm g /tonne g/lonne 


Toial-N 
g/lonn© 


Total- P 
g/lonne 


Sulphide 
g/tonne 


4  9 
4  a 
4  5 
4  3 

4  3 
4  5 


12 
12 

1 
1 
1 
1 


17 
27 
14 
15 
11 
13 


180 
60 

142 

76 

69 

1023 


11 
15 
16 
17 
13 
20 


TabI*  10b.  Group  and  unapaclllc  varlabUa  (ATG  1,  5.  B.  PP1-3).  Bolaa  Caacada  Canada  Inc.  (Kanoral.  (DaU:  29-4-1991) 

Company  0OO0670006  "  


Cntr  pi    01  Prod 


Av   flow 


BODS 


Date 

Jan/90 
Feb/90 
Mar/90 
Apr/90 
May/90 
Jun/90 


AOX                   COD                   DOC                   TOC                   TSS                   VSS              COD/BOD 
HHJ: "^^nonne Kg/lonne         Kgflonne  Kg/lonne  Kg/ionne  Kg/lonne  Kg/lonne  Kg/tonne 


971 
975 
991 
867 

892 
855 


47 
50 
46 
52 
55 
59 


32  1 

40.9 
38  6 
393 
41  2 

37.5 


103  5 
115  1 
102  2 
1153 
1206 
110  4 


0  1 


3  1 

3.2 

3  5 

2.8 

3  2 

2.S 

4  2 

29 

4  0 

2.9 

4  1 

29 

31sl  May  1991 
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Tibli 


Company  0000870006 

1  -Melhyl- 

2-Methyl- 

1-Chk)  fo- 

2-Criloro- 

Benzfal- 

Dit>enz[a) 

Cntr  pi :  01  Prod.           Dwiy  flow 

Naphthalene 

naphthatena 

naphihalenc' 

ri  aphihaiena 

naphlhalane 

Anihracsns 

anthracene 

anthracene 

T/(Jav          m3/day 

mg/lonne 

mfl/ionne 

mg/tonne 

mg/ionne 

mp/ionne 

mfl/tonne 

mg/Tonne 

mfl/tonne 

Dale 

Jan/90 

1.005 

45,540 

Feb/90 

9S1 

46,070 

Mar/90 

1.041 

47,240 

Apr/go 

1.084 

43.305 

May/90 

692 

49.140 

Jun/90 

655 

45.990 

27 


28 


Company  OOOOB  70006 

Phenan- 

Ace nap h- 

Acenaph- 

5-Nitro-ace- 

Fluor- 

Benz[b|- 

Benz(k) 

Cntrpt    01  Prod            Daily  Bow 

threne 

thene 

Ihylene 

naphlhene 

Chrysene 

anihsne 

fluoranthene 

fluoranthene 

Fluorene 

T/day          m3/day 

mn/lonrw 

mg/lonne 

mg /tonne 

mg/tonne 

mfl/tonne 

mfi/tonne 

mg /tonne 

mfl/tonne 

mfl/tonne 

□ate 
Jan/90 
Feb/90 
Mar/90 
Apr/go 
May/90 
Jun/90 


1.005 

961 

1.041 

1.084 

692 

855 


45.540 
46,070 
47,240 
43.305 
49,140 
45,990 


55 

38 


Company  0000870006 

Benz[a]- 

ideno(1 .2.3-cd 

Benz[g.h.i)- 

Cntr  pi :  01  Prod            Oaity  flow 

Pyrene 

pyrene 

pyrene 

Perytena 

perylene 

Indole 

Camphene 

T/day          m3/day 

mg/tonne 

mg/tonne 

mg/lonne 

mg/tonoe 

mfl/ionne 

mq/lonne 

mg/ionne 

Date 

Jan/90 

1,005 

45,540 

- 

- 

. 

, 

. 

. 

Feb/90 

981 

46,070 

- 

. 

. 

. 

. 

3» 

Mar/90 

1.041 

47,240 

- 

- 

. 

- 

.- 

1B3 

Apf/90 

1,064 

43,305 

- 

. 

. 

. 

. 

126 

May/90 

892 

49,140 

- 

-. 

- 

.. 

. 

1790 

Jun/90 

855 

45,990 

- 

- 

- 

- 

. 

54 

Tabit  4b,  Acidic  emraotablai  (ATG201.  Bolae  Caacade  Canada  Inc.  (Kenora).  (Dett:  29-4-l»1), 

Company  0000870006  4-CWoro- 
Cnir  pi  01  Prod  Daily  Ilox  Phenol  m-Cresol  o-Cresol  p-Cresol  2.4-xylenol  m-cresol 
T/day          m3/day          mg/tonna         mg/tonne         mg/tonne         mg/ionne         mg/tonna         mg/tonne 


Dale 

Jan/90 

1,005 

45,540 

. 

. 

Feb/90 

981 

46,070 

94 

14 

Uar/90 

1,041 

47,240 

64 

236 

Apr/90 

1,064 

43,305 

44 

- 

May/90 

892 

49,140 

52 

- 

Jun/90 

855 

45,990 

2-Chloro-      2,4-Dichloro- 

phenol  phenol 

mg/ionne         mg/tonne 


36 


23 


1,140 


eo 


Company  0000870006  2,6-Dichforo-       2,3,4-Tri-  2,3,5-Tri.  2,4,5-Tn-  2,4,B-Tri-      2.3,4, 5-Tetra- 2,3.4.6-Tetra- 2,3,5,6-TBtra-         Penla- 
Cmrpl.  01  Prod            Daily  flow            phenol        chlorophenol    chlorophenol   chlorophenol    chlorophenol    chlorophenol    chlorophenol    chlotophenol    chlorophenol 
T/day          mS/day          mg/ionne         mg/tonne         mg/tonne         mg/lonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/lonne 


Date 

Jan/90 

1,005 

45,540 

- 

FebflO 

981 

46,070 

- 

Mar/90 

1,041 

47,240 

. 

Apr/90 

1,084 

43,305 

- 

May/90 

692 

49.140 

. 

Jun/90 

855 

45,990 

Company  0000870006 

4-Nilro- 

2,4-D(nrtro- 

4,6-DJn(tro- 

Cntr  pt-  01  Prod            Daily  llow 

phenol 

phenol 

o-cresol 

T/day         m3/dav 

mg/lonrw 

mg/tonne 

mg/ionne 

Dais 

jBn/90 

1.005 

45,540 

FebQO 

961 

46,070 

Mar/go 

1,041 

47,240 

Apr/90 

1,064 

43.305 

May/90 

892 

49,140 

Jun/90 

855 

45,990 

3l8t  May  1991 
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T«blt  Sb.  Chlorlnafd.  nautrali  {ATG(23).  Bolt*  C»>catl»  Canada  Inc.  {K»nor«}.  (D*U:  2fl-4-1>ai). 

Company:  0000870006  Hexachloro-  Haxachloro-  Hexachloro-  1 ,2,3-Trichlorol  ,2,4-TrK:hloro-3,4,5-Trichloro  1 ,2,3,4-Tetra-  1 ,2,3,5-TBtra- 
Cntr  pi  01  Prod  Daify  flow  ethane  butadiene  yclopentadien  benzene  benzene  toluene  chlorobenzen«;hlofobenzen© 
T/day          mS/day          mg/lonne  mg/lonne         mg/ionnc         mg/lonne         mg/lonne         mg/tonne         mg/tonne         mq/lonne 


Data 

Jan/90 

1.005 

45,540 

FebflO 

9B1 

46,070 

Mar/90 

1,041 

47,240 

Apr/90 

1,0S4 

43,305 

May/90 

692 

49,140 

Jun/90 

S55 

45.990 

1  6 


1  2 


23 


22 
26 
S  9 
5  3 

1.3 


7  1 
3-9 


10,4 
32.fi 


29  9 


o.g 

0.9 


Company;  0000870006 

1.2,4.5-T«B»- 

Panta- 

Haia- 

Octachloro- 

Cnrrpt    01  Prod            Daity  flow 

c^torotwfU  ana 

chkKOtMcitan* 

cl>kirotMni«n« 

siyrene 

T/dav         m3/day 

mfl/lonne 

mfl/tonne 

mqAonne 

mgAonns 

Date 

Jan/90 

1,005 

45,540 

FebflO 

981 

46,070 

Mar/90 

1.041 

47,240 

Apr/90 

1,084 

43.305 

May/90 

692 

49.140 

Jun/90 

855 

45.990 

0.9 
20 


1.2 


1  4 
1  0 


0.5 


Table  «b.  Chlorlnalad  dioxina 

dtbanzoturanaa  and  PCB'a  (ATG(23] 

.  Beta*  Caacada  Canada  tnc.  (Kanora).  (Data 

29-4-19B1) 

Company  0000870006 

2,3.7.8-              Total                Total 

Totaf                Total                 Total                Tolal 

Total 

Cnif.pt    01  Prod            Daily  flow 

TCDD                TCDD                TCDF 

PCDO                 PCDF                HuCDD              HxCDF 

HpCDD 

T/day         m3/day 

uglonne           ugtonne           ugionne 

uatonne           tigtonne           uQionne           ugtonne 

ygtonne 

Date 

Jan/90 

1,005 

45,540 

Mari^O 

1,109 

49.550 

May/90 

692 

52.500 

124 


Company  0000670006 

Tolal 

Total 

Cnir  pi    01  Prod            Daily  flow 

HpCDF 

OCDD 

OCDF 

PCB's 

T/dav          m3/day 

ug/lonne 

ijgAonnB 

yg/ionne 

ufl/ionne 

Data 

Jan/90 

1.005 

45,540 

Mar/9D 

1.109 

49,550 

May/90 

692 

52,500 

1».8 
15,S 


3  6 


Table  7b.  Falty  and  reatn  aefda  (ATG  26).  Boise  Caacada  Canada  Inc.  (Kanora).  (Daia:  29-4-1991). 
Company  0000870006                             Oletc              Pimaric             Abietic            Dehydro-         Isopimaric      Levopimanc 
Cntr  p(    01  Prod            Daily  (low             acid                 acid                 acid           abieiic  acid            acid  acid 
T/day          m3/day g/ionne g/ionne            g/tonna g /tonne q/lonne g /tonne 


Neoabieiic    Dhlorodehydro- 
acid            abletic  acid 
fl/tonne QUonne 


Date 
Jan/90 
Falxgo 

Mar/90 
Apr/90 
May/go 
Jun/90 


1,005 

961 

1,041 

1,084 

692 

855 


45,540 

46,070 
47,240 
43,305 
49.140 
45,990 


1.8 
3.3 

39  8 

44  9 

54  7 

140  8 


1  0 
33 

45  6 

20 

51  0 

587 


0  5 
25  5 

0  5 
322  1 
281  7 
3551 


3011  5 
124  0 
324  4 
196  4 
252  4 
322  7 


0  9 
11  6 
345-7 
3878 
312  2 
393  1 


6  7 


03 
46 


48.2 

109  5 


03 
5  7 
4  4 
2  2 
17  8 
19  4 


Company  0000870006 

DicMorodehydrt 

Total  resin 

Total  resin 

Total  resin 

Cntr  pt    01  Pfod 

Daily  flow      abwfc  aCKJ 

acids 

acids 

acids 

T/day 

m3/day           g/torne 

g/tonne 

Kg/day 

<mg/l> 

Date 

Jan/90 

1,005 

45,540 

FebJ^O 

961 

46,070 

Mar/90 

1,041 

47,240 

Apf/90 

1,084 

43,305 

May/90 

892 

49,140 

Jtjn/90 

855 

45  990 

3014  4 

3029 

66  52 

181  4 

178 

3  86 

720  8 

750 

15.88 

910  5 

987 

22  79 

9843 

660 

17  50 

12S8« 

1076 

23  40 

Values  lor  dehydroabieiic  acid  and  dichlorodehydroabtetic  acid  are  monthly  averages 


31st  May  1991 
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Tabic  «b.  Mtta 

•  (ATG  S  1,12]. 

Bole*  Cascad*  Canada 

Inc.  (Kanora).  {Data 

29-4-1991). 

Company 

00008 700C  Prod 

Daily  llow 

BwyliuTi         Alumirnum 

Copper               Zmc 

Chromium 

Nrck9l 

Mo^bcJenum 

Cobalt 

T/dav 

m3;dav 

fl/Tonne            g/tonne 

gflonng            fl/tonne 

a/ton  ne 

g/lonne 

n/Ionne 

g/Ionne 

Dale 

Jan/90 

1,005 

45.540 

12 

0.9 

30 

- 

Fsb/QO 

981 

46,070 

- 

12 

0.8 

3.7 

Mar/90 

1,041 

47.240 

. 

11 

O.B 

3  1 

38 

Apr/90 

1,084 

43.305 

0.09 

8 

07 

2.7 

0.2 

May/go 

6S2 

49.140 

0  10 

12 

09 

2.7 

02 

Jun/90 

655 

45,990 

0  12 

24 

13 

3  3 

02 

0  4 


02 
0.1 


Company 

00008700C  Prod 

Daily  llow 

Vanadium 

Silver 

Lead 

Cadmium 

Thallium 

Mercury 

T/day 

m3/dav 

fl/ionno 

fl/lonne 

q/tonne 

g/tonne 

g/lonna 

g/ionne 

Date 

Jan/90 

1,005 

45,540 

Feb/90 

981 

46,070 

Mar/90 

1,041 

47.240 

Apr/90 

1,084 

43.305 

May/90 

882 

49,140 

Jun/90 

855 

45,990 

0  1 


0  1 


0.5 


1.10 

O.fll 


Values  for  aluminium  arid  zmk  are  monthly  sn/erages 


3191  May  1991 
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Average  flow,  Production,  and  Conductivity  data  from  Boise  Cascade  Canada  Inc.  (Kenora), 

Control  point  0100  (12-5-1991). 
m3/day      Vday  ps/cm 

60000    -r  1500  r4000 


40000 


20000    - 


3000 


-2000 


-1000 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS,  COD  and  B0D5  data  from  Boise  Cascade  Canada  Inc.  (Kenora), 
Control  point  0100  (12-5-1991). 
kg/tonne 
200  -. 


150  . 


100  - 


50  - 


—  Average  flow 

- "  Conductivity 

—  Production 


—  COD 

--  TSS 
■   B0D5 


1/Jan/90      31/Jan/90      1/Mar/90     31/Mar/90    30/Apr/90     30/May/90    29/Jun/90 
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Tibl«  lb.  H»t09«n«l«d  vor*lll««  (ATCH).  Qu»b»c  t  Ontario  P»p«r  Company  Ltd..  (Dalo:  2-5-1»»1). 


Company  0000930006 

Chloro- 

Ctiloro- 

BfOfno- 

Bromodi- 

Dichloro- 

1 .1  -Dichloro- 

1 .2-Dichtoro- 

1,1-Dichtoro- 

Cntrpl    01  Prod            Daily  Ttow 

meihane 

elhylene 

methane 

:hloromeihane 

methane 

einane 

ethans 

elhylena 

T/day         m3/day 

mg/lonoe 

mgrtonne 

mg/tonne 

mg/tonne 

mg/tonne 

mg/lonne 

mg/ionne 

mg/tonne 

Jan/90 

827 

53,334 

- 

FBb/90 

871 

50,596 

0 

Mar/so 

1.016 

56.999 

Apr/90 

755 

64. 278 

0 

May/90 

868 

65,795 

- 

Jun/90 

929 

65.090 

. 

0 


Company  0000930006  trans-1 ,2-Oi-    1 ,2-Didiloro-     cis-l  ,3-Di-      lrans-1 ,3-Di-       Dibnxno-  Trichtoro-  Dibromo-  Tribromo-  1 ,1 .2-Tn- 
Cnlr  pt    01  Prod            Daily  flow     :hlofo«thylene      propana     :hloropropylen.:tiloropropyleni      ethylene          melhane     :hloromothane      methane       chloroethane 
T/day          m3/day         mg/tonne         mg/lonne         mg/lonne         mg/tonne         mg/ionne         mfl/ionne         nnyionne         mq/ionne         mg/tonne 


Jan/90 

827 

53.334 

FebflO 

671 

50.596 

Mar/90 

1,016 

56.999 

Apr/90 

755 

64,278 

May/90 

668 

65,795 

Jun/90 

929 

65.090 

Company  0000930008  TrichlofO-         Infiuofo-       Telrachloro-   1,1,2,2-Teira-   Telrachloro-         Chlo«5-        1 .2-DJchloro-    1 .3-Dichloro-    1 ,4-Dichloro- 
Cntr  pr    01  Ptod           Daily  flow         ethylene       MoivntHnnw        methane      chloroethane      ethylene         beniene         benzene  benzene  benzene 
T/day          m3/day         mg/lonne         mg/tonne         mg/tonne         mg/lonne         mg/tonne         mg/tonne         mg/ionne         mg/tonne         mg/tonne 


Jan/90 

827 

53,334 

Peb/90 

871 

50,596 

Mar/90 

1,016 

56,999 

Apr/90 

755 

64,276 

May/90 

868 

65,795 

Jun/90 

929 

65,090 

TabI*  2b.  Nonhalogenai^d  volaillea  ^ATG17).  Quebec  t  Ontario  Paper  Company  Ltd..  (Data:  2-5-lBBl). 

Company  0000930006 

Cnlf  pt    01  Prod            Daily  flow  Siyrene  Benzene        m,p-Xylene        o-Xylene  Toluene 
T/day          m3/day mg/tonne         mgAonne         mg/ionne         mg/tonne         mg/ionne 

Date 

Jan/90  827  53,334  -  .  .  .  o 

Feb/90  871  50.596  -  -  .  .  - 

Mar/90  1 ,01 6  56,999  -  0  -  0  0 

Apr/90  755  64,278  -  0  -  -  0 

May«0  868  65,795  -  -  .  .  o 

Jun/90  929  65,090  -  -  -  .  . 


Tabl*  9b.  Inorganloa  (ATG  3,  4 

6,  7  t  15).  Ouabac  &  Onlarto  Paper  Company  Ltd..  (Date: 

2-5-1991). 

Company  0000930008 

Cnir  pi    01  Prod            Av    ttow 

pH            Conductivity     NH3  +  NH4        N02+N03          Total-N 

Total- P 

Sulphide 

T/day          m3/dav 

lis/cm             q/lonne            g/tonne            g/ionne 

g/tonne 

g/lonne 

Dale 

Jan/go 

845 

50,667 

73 

685 

68 

9 

171 

10 

. 

FebflO 

841 

55,164 

7  1 

671 

56 

11 

213 

24 

. 

Mar/90 

929 

56,642 

73 

648 

47 

10 

171 

12 

. 

Apr/so 

742 

62.893 

7  3 

605 

123 

40 

247 

40 

, 

May/90 

see 

65.795 

74 

625 

61 

23 

197 

40 

, 

Jun/90 

828 

65,113 

73 

796 

113 

21 

294 

46 

- 

Tabia  10b-  Group  and  unapeclflc  vatlablea  (ATG  1.  5.  8.  PPl-3).  Quebac  t  Ontario  Paper  Company  Ltd..  (Data:  2-5-1991). 
Company  0000930008 

Cntr  pt    01  Prod  Av  flow  BODS  AOX  COD  DOC  TOG  TSS  VSS 
T/day          m3/lonne          Kg/tonne         Kg/lonne          Kg/tonne         Kg/lonne         KgAonne         KgAonne         Kg/tonne 


DOC/BOD 


Date 

Jan/90 

845 

60 

1  1 

Feb/90 

841 

66 

1  2 

Mar/90 

929 

61 

09 

Apr/90 

742 

85 

1  3 

May/90 

668 

76 

1  6 

Jun/90 

628 

79 

1  8 

31sl  May  1991 

1.6 

- 

3  4 

1  7 

1  4 

1.9 

• 

4  0 

3  6 

1  5 

2.1 

- 

2  9 

2  4 

2  2 

2.0 

- 

40 

3.0 

1  6 

2.3 

- 

3  0 

2  4 

1  4 

24 

- 

3  4 

2  4 

1  3 
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TabI*  3b.  Eilf»ct«bl»  b*f  n»uir*l»  fATG1».  Qu»b«c  t  Onfrlo  P«p«r  Company  Lid..  {DtUi  2-5-1991). 

Company  0000930008  1-Me.hyl-  2-M9<hyl-  1  Chtoro  2-Chioro-  B«n2[a]-  0.b«nz(al 
Cnir  pi  01  Prod  Daily  flow  Naphltialene  naphlhatene  naphlhalena  naphlhatene  naphthalene  Anlhracene  anihracene  anihracene 
T/dav          m3/daY             rngflonne         mg/ionna         mg/lonne         mgAonne         mg/lonne         mgnonne mflflonne '"fl^Q""*' 


Daw 

Jan/go 

961 

53.33* 

Feb/90 

871 

50,596 

Mar/90 

1,016 

56.999 

Apr/90 

755 

64.278 

May/90 

866 

65,795 

929 

65,090 

Company  0000930006  Phanan-  Acenaph-         Acenaph- 

Cntr.pl    01  Prod  Daily  flow  threne  Ihene  ihyiene 

T/day  m3/day mgrtonnc         mg/lonne         mgAonne 

Date 

Jan/90  961  53.334 

Feb/90  871  50,596 

Mar/90  1.016  56.999 

Apr/90  755  64,278 

May/90  868  65,795 

Jun/90  929  65,090 : : 


S-Nitroace- 

naphthene 
mg/lonne 


Chrysene 

mg/lonne 


Rixjf-  Benz[bl-  Beni[kl 

anihene       tluofanlfiene    fluoranthene       Fluorene 
mg/lonne         mg/lonne         mpflonne         mg/ionne 


Company  0000930008 
Cntr  pi    01  Prod  Dally  t\am 

T/day  m3/day 


Pyrene 

mg/lonne 


Benz{a] 

pytene 
mg/tonne 


ideno(l  .2.3-co 

pyrene  Perylene 

mg/lonne         mg/lonne 


Beni[g,h,il- 
perylene 

mg/lonne 


Indole 
mg/lonne 


Camphene 
mp/tonne 


Table  4b.  Acidic  exlractablaa  {ATG20)-  Qu«b«c  t  Onlarlo  PapeT  Company  Ltd..  (Data;  2-5-1891). 

Company  0000930008  4-Chloro- 

Cntr  pi  .  01  Pfod            DaJly  llow  Phenol            m-Crasol          o-Cr©8<rf           p-Cresol         2,4-xyl6nol         m-cresol 

T/day          m3/day  mfl/ionna         mg/ionne         mg/lonne         mg/lonne         mg/lonne         mg/tonna 

Date 

Jan/90               961             53,334  ,                         ^,                        -                         -                         - 

FeW90               871             50.596  -                         -                         -                         - 

Maf/90            1.016            56,999  .                         .                         -                         -                         - 

Apr/90               755            64,278  .                          ,                          .                         -                         ^ 

May/90               868            65.795  0                         -                          -                         -                          " 

Jun/90  929  65,090  ■ - : : I 


2-Chloro-      2,4-Dichloro- 

phenol  phenol 

mg/lonne         mg/lonne 


Company  0000930008  2,6-Dichloro-       2,3,4-Tn-  2,3,5-Tri-         2,4,5-Tn-         2,4,6-Tfi-      2,3,4,5-TBtra- 2,3,4,6-Telra- 2,3.5.6-TBlra-        Penta- 
Cnlfpl    01  Prod            Daily  (low  phenol        chlofophenol    chlorophend    chlorophenot   chlorophenol    chlorophenol    chlorophenol    chlorophenol    chlorophentf 
T/day  m3/day          mg/lonne         mg/tonne         mg/ionne         mg/tonne         mg/lonne         mg/tonna         mg/ionne         mg,1onne m^/ionna 

Date 

Jan/90               961  53.334  ._------- 

Feb«0               871  50,596  ..------                          "^                         - 

Mar/90            1 ,01 6  56,999  .                         ,                         r                         r                         -                         "                          '                          '                         ' 

Apr/90               755  64.278  ...                         -                         ^                         -                         -                          -                         - 

May/90               666  65.795  ...-----                        6 

Jun/90             929  65,090                       -  - : \ I : : : 


Company  0000930006 

4-Nilro- 

2,4-Omilro- 

4,6-Dinitro- 

Cntr  pi  .  01  Prod            Daily  flow 

phenol 

phenol 

o-cresot 

T/day         m3/dav 

mg/lonne 

mg/lonne 

ma/tonne 

Dale 

Jan/90 

961 

53,334 

FelV90 

871 

50.596 

Mat/90 

1,016 

56,999 

Apr/90 

755 

64,278 

May/90 

868 

65.795 

Jun/90 

929 

65,090 

31sl  May  1991 
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T»bl»  5b.  Chlofln>l>d,  n»ulr«l«  (ATG(231.  Qu«b«c  It  Ont«rto  P«p*f  Company  Ltd..  (DUt:  2-5-18B1). 

Company  0000930008  Heitachlofo-  Hexachloro-  Hexachloro-  1 .2.3-Trichlorol ,2,4-Tfichloro?,4,5-TricWoro-1.2,3,4-T6ira-  1 ,2.3,5-Tetra- 
Cnir  pi  01  Prod  Daily  flow  elhane  butadiene  yclopeniadien  benzene  benzene  toluene  ;hlorobenzen6::hlorot>enzene 
T/day          m3;day          mg/tonne         mg/tonne         mg/tonne         mgAonne         mg/lonne         mp/lonne         mg/tonne         mg/lonne 


Date 

Jan/90 

961 

53,334 

FehflO 

871 

50.596 

Uar/90 

1,016 

56.999 

Apr/90 

755 

64.27B 

May/90 

868 

65,795 

Jun/90 

929 

65.090 

0.0 


0  0 


00 
00 


0  0 
00 


DO 


0.0 


Company  0000930008 

t.Z,4,S-T»».- 

p«>i>- 

Haia- 

Oclachloro- 

Cnir  pt    01  Prod            Daily  flow 

(iilorotMni«n« 

[tilorob*nian* 

dflofotMnm 

siyrene 

T/day         m3/dav 

mg/tonne 

mgrtonne 

mg/tonne 

TDfl/lonne 

Date 

Jan/90 

961 

53,334 

Feb/90 

871 

50.596 

Mar/90 

1,016 

56.999 

Apr/90 

755 

84,278 

May/90 

868 

65.795 

Jun/go 

929 

65,090 

Table  6b.  Chlorinated  dlo»lne,  dtbenzofuranee  and  PCB'e  (ATG(23).  Quebec  li  Onlarto  Paper  Company  Ltd..  (DafL  2-5-1991). 

Company  0000930008  2,3,7,8-  Tola)  Total  Total  Total  Total  Total  Total 

Cntr  pt    01  Prod  Daily  (tow  TCOD  TCDD  TCDF  PCDD  PCDF  HxCOO  HxCOF  HpCDD 

T/day  m3/day  ^]gtonne ijfltonne  uflionne  pgionne tjatonne  ijgionne pgtonne potonne 


Dale 

Mai/90 


1,016 


56,999 


Company  0000930008 

Total 

Toial 

Cnir  pt    01  Prod.           Daily  riow 

HpCDF 

OCOD 

OCDF 

PCB-s 

T/day          m3/d8v 

Ufl/tonre 

(jpAonne 

ug/lonne 

MQ/lonne 

Date 

Mar/90 


1,016 


56,999 


Table  7b.  Falty  and  reein  aelde  (ATG  26).  Quebec  t  Ontario  Paper  Company  Ltd..  (Date:  2-5-1fl91). 

Company.  0000930008  Oleic  Prmarlc  Abietic  Dehydro-         Isopimaric      Levopimanc      Neoabtetic    ^hlorodohydro- 
Gnir  pi :  01  Prod            Daily  flow             acid                 acid                 acid           abietic  acid  acid  acid  acid  abieticacid 
T/day          m3/day           g/tonne            g/tonne            g/tonne            g/^onne            g/lonne 


g/lor 


g/tonne 


g/ionne 


Date 

Jar^/90 

96 1 

53,334 

Feb^O 

871 

50.596 

Mar/90 

1,016 

56.999 

Apf/90 

755 

64.278 

May /go 

868 

65,795 

Jun/90 

929 

65.090 

00 


0.7 
3.0 
0.2 
0.9 
1.2 
02 


00 


0  0 


00 


Company;  0000930006                    Dichtorodehybff 

Total  resin 

Total  resin 

Total  resin 

Cnir  pt:  01  Prod              Daily  tlow      abieticacid 

acids 

acids 

acids 

T/day              m3/day           g/ionne 

g/tonne 

Kg/day 

<mg/b 

Date 

Jan/90 

961 

53,334 

Fab/90 

671 

50,596 

Mar/90 

1,016 

56.999 

Apr/90 

755 

64.278 

May/90 

666 

65,795 

Jun/90 

929 

65,090 

0.7 

1 

0.01 

3;o 

3 

0.05 

0,2 

0 

0.00 

0.9 

1 

0,01 

i.a 

1 

0;Q2 

0.2 

0 

0.00 

Values  tor  dehydroabietic  acid  and  dichlorodehydroabietic  acid  are  monthly  averages 


3lBlMay  1991 


-75- 


Mill  23 


NMcCOibinConstAartfllnc. 


BAT  Definition  Sludv.  Pub  and  Paper  Sector 


Company 

O00093OOC  Prod 

Daily  now 

8«ryllum 

Aluminium 

Copper 

Zinc 

Chromium 

Nickel 

Motybdenum 

Cobalt 

T/dav 

m3/dav 

g/lonne 

fl/tonne 

g/tonne 

Q/Ionne 

0/10  nne 

a/tonne 

grtonne 

fl/tonne 

Dale 


Jan/so 

961 

53.334 

24 

0  0 

10  4 

0  0 

00 

. 

. 

fab/90 

871 

50.596 

26 

0  0 

13  0 

0.0 

0.0 

0.0 

- 

Mar/QO 

1.016 

56.999 

13 

0.0 

9.8 

0  0 

00 

i 

. 

Apr/90 

755 

64.278 

264 

00 

14.8 

. 

. 

i 

. 

May /SO 

666 

65,795 

26 

0  0 

88 

0  0 

0.0 

- 

. 

Jun/90 

929 

65,090 

20 

00 

14.9 

- 

. 

. 

Company 

OOOOQSOOC  Pfod 

Dailir  fkxv 

Vanadium 

Silver 

Lead 

Cadmum 

Thallium 

Mercury 

T/dav 

m3/dav 

fl/tonne 

fl/tonne 

fl/tonne 

fl/tonne 

fl/tonne 

g/lonne 

Dale 

Jan/90 
Feb/go 
Mar/90 
Apr/90 
May/90 
Jun/go 


961 
871 
1.016 
755 
866 
929 


53,334 
50,596 
56.999 
64.278 
65,795 
65,090 


00 
00 
0-0 
0.0 
00 


00 
0  0 
00 


000 
0  00 
0  00 


0.00 


Values  lor  aluminium  and  zink  are  monltily  averages 


31sl  May  1991 


-76 


Mill  23 


Average  flow.  Production  and  Conductivity  data  from  Quebec  &  Ontario  Paper  Company  Ltd., 

Control  point  0100  (17-5-1991). 
m3/day       t/day  ^^^^ 

100000    -r  1500  4QQQ 


-3000 


-2000 


-  1000 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


TSS.  DOC  and  BODS  data  from  Quebec  &  Ontario  Paper  Company  Ltd.. 
Control  point  0100  (17-&-1991). 


l<g/tonne 

20   n 


16  - 
12  ■ 


Average  flow 

Conductivity 

Production 


8-  I 

n    ,   /-^^'    •■  '^  ^  ■•    '■  "-■  ^"  '■  %  "■  I"  lJ  r   "  *!■       u^  '-■.■■■   .  J 

•^  "■         1 1 1— "-■ — I ■ . 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


MILL  23 


N.  McCtjbt»nCon3Utart9  Inc 


BAT  CtefinHiofi  Study.  Pulp  arxj  Papgr  Sedqr 


TabU  1b.  Halog*n«t*d  volttllas  (ATG1«). 

SI.  Marya 

Papar  Inc.. 

(Data:  2-5-1991). 

Company  0000860304                               Chloro- 

Chlofo- 

Bfomo- 

Bfomodi-          OKt^fort>- 

1.1-DichtofO- 

1 .2-Dichk)ro- 

l.l-Dichloro- 

Cntr  pt    01  Prod.           Daily  flow          methane 

eihylena 

moihane 

:hlofo  methane      methane 

ethane 

ethane 

elhylene 

T/day          m3/day         mg/lonne 

mg/tonne 

mg/Ionne 

mg/tonne         mg/lonne 

mg/tonne 

mg/tonne 

mg/lonne 

Jan/90 

467 

32.820 

Feb/90 

597 

35.925 

662 

Mar/go 

519 

33.204 

512 

Apf/90 

311 

33,748 

- 

May/90 

555 

33,204 

1,077 

Jun/90 

433 

35,653 

525 


800 

2,374 
803 
293 


Company  0000660304 

Irans-1,2-Di- 

,2-Dichlofo- 

cis-1,3-Di- 

irans-1,3-0i- 

Dibromo- 

Trichtoro- 

Dibfomo- 

Tnbfomo- 

1,1.2-Tri- 

Cnlrpl.  01  Prod            Doily  llow 

:hloroeihylena 

propane 

:hloropropylen 

:hloropropyloni 

ethylene 

methane 

:hloro  methane 

methane 

chloroethane 

T/tfay          m3/clay 

mg/lonne 

mg/tonne 

mgflonne 

mg/lonna 

mg/tonne 

mg/lonne 

mg/lonne 

mg/ionne 

mq/ionne 

Jan/90 

467 

32,820 

Feb/90 

587 

35,925 

Mar/90 

519 

33,204 

Apr/90 

311 

33,748 

May/90 

555 

33,204 

Jun/90 

433 

35,653 

156 


260 
60 


Company  0000860304  Trichloro-         Tntluofo-        Teirachloro-    l  .1 .2.2-Telra-   Tetrachloro-         Chloro-        1 ,2-Dichtoro-    1,3-Dtch(ofo-    1,4-Dichioro- 
Cnlrpl:01Prod            Daily  llcw  elhylene        cMoron»th*na         methane       chloroelhane       ethylene  benzene  benzene  benzene  benzanft 
T/day          m3/day          mg/tonne         mgAonne         mg/tonne         mg/tonne         mg/lonne         mg/tonne         mg/tonne         mg/lonne         mg/ionne 


Jan/90 

487 

32,820 

Feb/90 

597 

35,925 

Mar/90 

519 

33,204 

Apf/90 

311 

33,748 

May/90 

555 

33,204 

Jun/90 

433 

35,653 

Tabia  ab.  NonhaloB«nal»d  volatilaa  (ATG17].  Si.  Matya  Papar  inc..  (Oal»:  2-5-1891^. 
Company  0000860304 

Cntr  pt    01  Prod            DaJly  flow  Siyrene  Benzene        m,p-Xylene        o-Xylene  Toluene 
T/day m3/dsy mg/lonne         mg/lonne         mg/tonne         mp/tonne         mg/lonne 


Date 

Jan/go 

467 

32,820 

Feb«0 

597 

35,925 

Mai/90 

519 

33,204 

Apr/90 

311 

33,748 

May/90 

555 

33,204 

Jun/90 

433 

35,653 

- 

- 

- 

107 

- 

- 

138 

92 

112 

20 

47 

- 

56 

22 

93 

72 

- 

- 

221 

86 

- 

165 

labia  9b.  Inorganlca  {ATG  3,  4,  ft,  7  &  15).  SI.  Marys 

Paper  Inc. 

(Daia:  2-5-1991). 

Company  0000860304 

Cnlrpl    01  Prod             Av    llow                   pH             Conducltvlty 

NH3  +  NH4 

N02tN03            Total-N 

Total -P 

Sulphide 

T/day          m3/day                                        [js/cm 

g/lonne 

g/lonne            g/lonne 

g/tonne 

g/tonne 

Date 

Jan/90 

465 

32,513 

8  4 

173 

5 

3 

66 

80 

- 

Feb/90 

520 

32,936 

6  7 

293 

7 

5 

124 

37 

Mar/90 

632 

33,436 

6  8 

294 

4 

4 

64 

40 

- 

Apf/90 

487 

34,419 

6  9 

247 

7 

a 

59 

5( 

May/90 

552 

32,387 

6  8 

280 

4 

3 

50 

32 

- 

Jun/SO 

480 

34,360 

6  7 

284 

5 

3 

59 

75 

Table  10b.  Group  and  unspacllic  variabiaa  (ATG  1,  5 

8,  PP1-3). 

Si.  Marya  Paper  Inc.. 

(Data:  2-5-1901). 

Company  00OOB6O3O4 

Cntr  pt,  01  Prod            Av  flow               BODS               AOX 

COD 

DOC                   TOC 

TSS                   VSS 

COD/BOD 

T/day          m3/lonne          Kg/lonne         Kgflonne 

Kfl/lonne 

Kg/lonne           Kg/lonne 

Kg/lonne         Kg/tonne 

Dale 

Jan/90 

465 

70 

12  8 

Feb/90 

520 

63 

52 

Mar/90 

532 

63 

3  9 

Apr/90 

487 

71 

146 

May/90 

552 

59 

16  4 

Jun/30 

480 

72 

15.0 

3131  May  1991 

51,8 
50  3 
48.9 
48  9 
37  8 
41.2 


12  3 

II  6 
14  7 

13  6 
9  3 
9  8 


4.0 
9.8 
12.5 
3.4 
2.3 
2.7 


-78- 


Mitl  24 


NKteOiJanConsJaftetnc 


BAT  Deftnilion  Study.  Pub  and  Pacer  Sedor 


T«bt«  3b.  EKtr«cl«bl»  ba»»  n»utr>l»  (ATGIB).  St.  Mafyi  Pap«r  Inc..  (D«f :  2-5-H81). 

Company  0000860304  1-M«hyl-  2-M9(hyl  l-Chtoro-  2-Chloro-  Banzla]-  Dibenzla] 
Cnir  pt.  01  Prod,  Daily  flew  Naphthalene  naphthalene  naphthalene  naphthalene  naphthalene  Anthracene  anthracene  anthracene 
li^^I Tll^ mfl/tonne         mg/lonne         mg/lonnc         mg/tonne         mgflonne         mqflonne         mg/lonne         mg/lonne 


Date 

Jan/90 

467 

32,820 

Fet)/90 

597 

35.925 

156 

Mar/90 

519 

33.204 

12S 

Apr/90 

311 

33,746 

434 

May/90 

555 

33,204 

66 

Jun/90 

433 

35,653 

82 

Company  0000860304  Phenan-  Acanaph- 
Cnir.pt    01  Prod            Daily  llow            ihrene  Ihene 
T/day          m3/day mg/tonf>e         mg/lonrw 


Date 

Jan/90 

467 

32.820 

Feb/90 

597 

35,925 

Mar/90 

519 

33.204 

Apr/90 

311 

33.748 

May/90 

555 

33,204 

Jun/90 

433 

35,653 

Acenaph- 
Ihylene 
mfl/tonne 


5-Nitro-ace- 
naphihsne 
mg/tonne 


Chryeene 

mg/lonne 


Fiuor- 
anlhens 
mg/tonne 


BenilbJ- 
fluoranlhene 

mg/lonne 


Benz[k] 

tluoranthene 

mg/tonne 


Fluorene 

mg/tonne 


M 


Company  0000860304  Benz[al-      ideno{1 ,2,3-cd  Benztg.h,!)- 

Crtr  pi    01  ProtJ  Daily  flow  Pyrene  pyrene  pyrene  Porytene  perylene  Indole 

Ii5a£ "^^^day mg/Tonne         mg/tonne         mg/tonne         mg/lonne         mg/lonne         mg/tonne 


Date 

Jan/90 

467 

32.820 

Feb/90 

597 

35,925 

Mar/90 

519 

33,204 

Apr/90 

311 

33,748 

Uay/90 

555 

33,204 

Jun/90 

433 

35,653 

Camphene 

mfl/tonne 


43 


18 

33 


Table  4b.  Acldtc  extractablee  (ATG2D).  St.  Mary  Paper  Inc.  (Date:  2-5-1991). 

Company  0000860304 

Cnir  pi,:  01  Prod  Daily  flow  Phenol  m-Cresol  o-Cresol 
T/day          m3/day          mg/tonne         mg/ionna         mg/lonne 


Date 

Jan/90 

467 

32.620 

Feb/90 

597 

35.925 

Mar/90 

519 

33,204 

Apr/90 

311 

33,748 

May/90 

555 

33,204 

Jun/9D 

433 

35,653 

P-Cresoi 
rrig /tonne 


4-Chloro-         2-Ghloro-      2,4-Dichloro- 
2.4-)(ylenol        m-cfesol  phenol  phenol 

mg/tonr>e         mg/ionne         mg/ionne         mg/ionne 


408 


48 
138 
576 


126 
313 


33 


387 


429 


371 
2,306 


41 


Company  0000660304  2,6-Dichloro-       2.3.4.Tr^         2.3,5-Th-         2,4,5.Tri-         2,4.6-Tri-      2,3.4.5-Tetra- 2,3,4,6-Tetra- 2,3,5,6-Telra-        Penta- 

Cntr.pi  :  01  Prod            Daily  flow  phenol        chlorophenol    chkxophenol    chiorophend    chlofophend    chlofophenol    chlofophenol    chlorophenof    chlorophenol 
li^St ^l?y mg/ionne         mg/lonne         mg/tonne         mg/tonne         mg/lonne         mg/tonne         mgflonne         mg/tonne         mg/tonne 


Date 
Jan/go 

fab/90 
Mar/90 
Apr/90 
M8y/90 
Jun/90 


467 
597 

519 
311 
555 
433 


32,620 
35,925 
33,204 
33,748 
33,204 
35,653 


Company  0000860304  4-Nftro-  2,*-Dinilro-       4,6-Dinitrc- 

Cntr.pi    01  Prod  Daily  flow  phenol  phenol  o-cresol 
T/day          m3/day          mg/tonne         mg/ionne         mg/lonne 


Date 

Jan/90 

467 

32,820 

Feb/90 

597 

35,925 

Mar/90 

519 

33.204 

Apr/90 

311 

33,748 

May/90 

555 

33,204 

Jun/90 

433 

35,653 

494 


31st  May  1991 
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Mil24 


N.  MoCitbin  Consutarts  Inc. 


BAT  Detinifk^n  Sludy.  Pub  arxl  Paper  Sedof 


TabU  $b.  Chlorinated,  n»ulral«  (ATG(23).  81.  Maty  PapT  Inc..  (Paf :  2-5-19»1). 


Company:  0000860304  Hexachloro-     Hexachlofo-     Haxachloro-  l.2,3-Trichlofol,2,4-Trichloro?,4,5-Trichloro-1.2.3,4-Teira-  1,2,3,5-TBtra- 

Cnir  pi    01  Prod  Daily  tlow  ethane  buladtena     yclopenladien      benzene  benzene  toluene      shlorobenzenechlorobenzene 

T/day  m3/day  mgAonne         mg/lonr>e         mp/tonne         mg/lonne         mg/tonne         mg/lonne         mg/tonne         mg/lonna 


Date 

Jan/90 

467 

32.820 

F9b«0 

597 

35,925 

Mar/90 

519 

33,204 

Apf/90 

311 

33.748 

May/90 

555 

33,204 

Jun/90 

433 

35,653 

0.2 


0  e 

0.2 


02 


0.3 


0.2 


Company  0000660304 

1.Z.4.5-T*ka- 

Pwte- 

Han- 

Oclachloro- 

Cnir  pt    01  Prod            Daily  IkM 

chkHob*nz*n« 

chkxolMnzan* 

dikKotwiuaA* 

slyrene 

T/day         m3/day 

mg/tonne 

mg/lonne 

mgAonne 

mg/tonne 

Dale 

Jan/go 

467 

32.820 

Feb/90 

597 

35,925 

Mary90 

519 

33.204 

Apr/90 

311 

33.748 

MayJ90 

555 

33.204 

Jun/90 

433 

35,653 

0,1 
0.3 

0.2 


labia  ftb.  Chlorlnatad  dioxina 

dlbanzoturanaa  and  RGB'*  (ATG{23) 

SI.  Marya  Paper  Inc. 

(Date:  2 

5-1991). 

Company  0000860304 

2,3,7,8-               Total                  Total 

Total                Total 

Total 

Total 

Total 

Cntr  pi    01  Prod           Daily  flow 

TCOD                TCOD                 TCDF 

PCDD               PCDF 

HxCDD 

HxCDF 

HpCDD 

T/day         m3/day 

Udtonne           uqtonne           pglonne 

pqtonne           gatonne 

ligtonne 

Pfltonne 

tiflionne 

Date 

Fab/90 

483 

31 .843 

Apr/go 

379 

34.700 

Jun/90 

364 

34,836 

Company  0000860304 

Total 

Total 

Cnir.pt    01  Prod            Daily  llow 

HpCOF 

OCDD 

OCDF 

PCB^s 

T/day          m3/day 

pqAonne 

ua/tonne 

UQ/lonne 

UQAonne 

Date 

Feb/90 

483 

31,843 

Apr/90 

379 

34,700 

Jun/90 

384 

34.836 

28  3 
12  7 


Tabia  7b.  Fatty  and  raaln  add*  {ATG  26).  St.  Marya  Papaf  Inc..  (Data:  2-5-1991). 


Company  0000860304 

Oleic 

Pimaric 

Abieiic 

DatiydfO- 

isopimanc 

Levopima/ic 

Neoabieiic 

!:iilorodehydro- 

Cnir  pt    01  Prod            Daily  tkw 

acid 

acid 

acid 

abieiic  acid 

acid 

acid 

acid 

abietic  acid 

T/day          m3/tJay 

g/ionne 

g/lonne 

g/ionne 

OAonne 

g/tonne 

g/tonne 

g/tonne 

n/ionne 

Date 

Jan/90 

467 

32,820 

2  1 

24  6 

45  7 

124  7 

1188 

13.9 

10  9 

- 

Feb/90 

597 

31 .843 

1  2 

18  7 

80  0 

132  7 

59  2 

459 

37  9 

- 

Feb/90 

519 

35925 

6  0 

18  0 

101  1 

113  0 

76  1 

547 

478 

- 

Mar/so 

311 

33,204 

43  8 

1046 

2629 

33  1 

37  4 

- 

Apr/90 

555 

33.748 

- 

67 

31.6 

1125 

23  1 

1.6 

May/so 

433 

33,204 

12 

64 

40  6 

178  5 

32  2 

16  1 

13  6 

Company  0000660304                      Dichlorodehydn 

Total  resin 

Total  resin 

Total  resin 

Cntr  pt    01  Prod             Daily  flow     abietic  acid 

acids 

acids 

acids 

T/dav             m3/day          g/Ionne 

g/tonne 

Kg/day 

<mo/l> 

Dale 

Jan/90 

467 

32,820 

Feb/90 

597 

31,843 

Feb/90 

519 

35,925 

Mar/90 

311 

33,204 

Apf/90 

555 

33,748 

May/90 

433 

33,204 

338  6 

158 

4  62 

374  3 

223 

7,02 

410  7 

213 

5  93 

461  8 

150 

4,51 

175  5 

97 

2S9 

287  4 

124 

3  75 

Values  for  deriydroabieiic  actd  and  dichlorodehydroabieiic  acid  are  monttily  averages 


3l8t  May  1991 


-80- 


Mil  24 


N  McOi^inConatAarts  Inc 


TabI*  Sb 

Matala  ( 

MG  9  t^2) 

St. 

Mary* 

Papar  Inc.. 

(Data. 

2-5-1991). 

r.  ruu  MiM  rcMWi  otJWH 

Company 

00006603C  Prod 

Dairy  Flow 

Beryliufn 

Aluminium 

Copper 

ZiTK: 

Chromium 

Nickel        Molybdenum 

Cobalt 

I/day 

mS/day 

0" 

snna 

g/tonne 

fl/tonne 

g/lonne 

g/tonne 

C/tonne            g/lonne 

g/tonne 

Date 

JBn/90 

467 

32,820 

175 

10 

32 

08 

Feb/90 

597 

35,925 

- 

t19 

0.7 

26 

0  5 

, 

. 

Mar/90 

519 

33.204 

- 

1» 

1.0 

5  5 

. 

. 

^ 

Apr/90 

311 

33,748 

- 

266 

. 

3.1 

. 

. 

. 

May  (90 

555 

33,204 

- 

62 

0.4 

3.0 

06 

. 

. 

Jun/90 

433 

35,653 

204 

. 

6  1 

. 

0.5 

. 

Company 

00OO86O3C  Prod 

Daily  rkM 

Vanadium 

Sitvar 

Lead 

Cadmium 

Thallium 

Mercury 

I /day 

m3/dav 

g/tonne 

g/tonne 

g/lonne 

fl/tonne 

g/tonne 

g/lonne 

Dale 
Jan/90 

467 

32,820 

1  0 

0.1 

0.02 

Feb/90 

597 

35,925 

0.4 

- 

0.2 

0.02 

. 

. 

Maf/90 

519 

33,204 

OS 

. 

43 

002 

. 

_ 

Apr/90 

311 

33,748 

12 

. 

, 

. 

, 

. 

May /go 

555 

33.204 

- 

- 

06 

. 

, 

, 

Jun/90 

433 

35.653 

• 

■ 

■ 

- 

- 

- 

Values  tor  alummmm  and  zink  are  monthly  aver^es 


31s!  May  1991 
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Mil24 


Average  flow.  Production  and  ConductivHy  data  from  St.  Marys  Paper  Inc. 
Control  point  0100  (17-5-1991). 
m^/day     t/day 
50000   -r  1500 


40000    - 


30000   - 


20000   - 


10000 


ps/cm 
r  1500 


-  1000 


-  500 


1/Jan/90      31/Jan/90       1/Mar/90     31/Mar/90    30/Apr/90     30/May/90    29/Jun/90 


TSS,  COD  and  BODS  data  from  St.  Marys  Paper  Inc.. 
Control  point  0100  (17-5-1991). 


kg/tonne 
100  -, 


80  - 


(137) 


60  - 


40  - 


20  - 


0   .1 {-      t    rj   'r,  jM  ,„  m   "■  >!■ 


■  ■  :■  .    ■  ■ 


Average  flow 

Conductivity 

Production 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


MILL  24 


N,  McCiiijin  Coreulanls  Inc. 


BAT  DetjnUion  Siudy.  Pu^j  and  Pwef  Sedor 


Tabl»  lb.  Halo(|«n»Ud  voUtH»»  t*TGl6).  Spruo  F»U»  Powar  ■nd  Pap«r  Company  Ltd..  (DaU:  2-5-1891). 

Company  0001340009  Chloro-  Chloro-  Bromo-  Bromodi-  Dichloro-       1.1-Dichtoro-    1 .2-Dichloro-    1,1-Dichtoro- 
Cnupt    OlProd,           Daily  (low          methane          ethylene          methane     rrhloromethane      methane  ethane  elhane  ethylene 
T/tJay          mayday          mg/lonne         mg/tonne         mg/lonne         mg/tonne         mg/lonne         mg/tonne         mg/tonne         mg/tonne 


Jan/90 

1.115 

75.556 

FetV90 

1.087 

78.323 

Mar/90 

1.071 

84,330 

Apr/90 

1,077 

84,152 

May/90 

1.039 

82,364 

Jun/90 

1,028 

91.483 

Company  0001340009  trans-l  ,2-Di.  1 .2-Dichloro-  cis-l  .3-Di-  lrans-1 ,3-D(-  Dibromo- 
Cntr.pl.  01  Prod  Daily  Itow  :hloroethylene  propane  ^lofopropylenohloropropyleni  ethylene 
T/day          m3/day         mgAonrte         mg/tonne         mg/lonne         mg/tonne         mg/tonne 


Trichloro- 
melhane 
mgAonne 


Dibromo- 

:Hiloromethane 

mfl/tonne 


Tribromo- 
m  ethane 
mg/tonne 


1.1.2-Tri- 

chloroethane 

mg/tonne 


J8n/90 

1.115 

75.556 

. 

Fet]/90 

1,067 

78.323 

- 

Mar/90 

1.071 

84.330 

. 

Apr/90 

1.077 

84,152 

. 

May/90 

1.039 

82.384 

. 

Jun/90 

1.028 

91,483 

- 

440 

ail 

B16 


Company  0001340009  Tnchtoro-         Tnfluoro-        Telrachloro-    1,1.2,2-Telra-   Tetmchtoro-         Chloro-        1 ,2-Dlchloro.    1 .3-Dichloro-    1.4-Oichloro- 
Crtr.pl    01  Prod            Daily  flow  ethylene       cNnomMhan.        methane       chloroeihane       ethylene  benzene  benzene  benzene  benzene 
T/day          mS/day         mg/tonne         mp/tonne         mp/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne 


Jan/90 

1,115 

75,556 

feb/90 

1.087 

78,323 

Mar/9  0 

1,071 

84,330 

Apr/90 

1.077 

84.152 

May/90 

1.039 

82.384 

Jun/90 

1,028 

91 ,483 

T«bl»  2b.  Nonhaloaenaf  d  voUillee  {ATG17).  Spruce  Fella  Power  end  Paper  Company  Ltd..  (Dale:  2-5-1991). 

Company  0001340009 

Cnir  pi,:  01  Prod.           Dally  flow  Styrene  Benzene        m,p-Xylene        o-Xylene  Toluene 
T/day          m3/<lay mg/tonne         mg/ionne         mgAonne         mg/ionne         mg/ionne 

158 

307 
359 
381 


Dale 

Jan/90 

1,115 

75,556 

Fob/90 

1,087 

78.323 

Mar/90 

1,071 

84.330 

Apr/90 

1,077 

84.152 

May/90 

1,039 

82.384 

Jun/90 

1,028 

91,483 

Table  9b.  Inofganic*  (ATG  3.  4,  6,  7  t  15).  Spruce  Fallt  Power  and  Paper  Company  Ltd..  (Dale:  2-5-1991). 
Company  0001340009 

Cnir.pi.;  01  Prod            Av    flow                 pH            ConductivJIy      NH3  +  NH4        N02+N03  Total-N 
T/day          m3/day \is/cm gAonne            gnonna            g/tonne 


Date 

Jan/90 

934 

74.932 

60 

Fetj^O 

1.027 

77.688 

6  1 

Mar/90 

975 

79.439 

6.1 

Apr/90 

1,024 

78,811 

3  5 

May/90 

981 

71.757 

5  7 

Jun/90 

950 

90.423 

5  8 

307 


8 
12 

e 

B 

7 

10 


6 
6 

4 

4 

4 

10 


IJ 

Total- P 

Sulphide 

e 

g/tonne 

g/tonne 

122 

36 

129 

30 

• 

19 

24 

- 

131 

15 

. 

132 

15 

- 

171 

29 

. 

Table  10b.  Group  and  unepecHIo  varlabtea  (ATG  1,  $,  8.  PPI-3).  Spruce  Falla  Power  and  Paper  Company  Lid..  (Dale:  2-5-1991). 

Company  0001340009  ~  ~^  "^         

Cnlr.pI :  01  Prod            Av  tlow               BODS                AOX                 COO                 DOC                 TOC                 TSS                 VSS             COD/BOD 
T/day  mS/tonne  Kg/tonne         Kg/tonne  Kfl/tonne         KgAonne         Kg/ionne  Kg/tonne         Kg/tonne 


Dale 

Jan/90 
Feb/90 
Mar/90 
Apr/90 
M3y/90 
Jun/90 


934 
1,027 

975 
1,024 

981 

950 


80 
76 

81 

77 
73 
95 


31  8 
31.1 
33  4 
31  4 
30  7 
35  6 


B9-4 
1026 
70.6 
52.2 
48.« 
59,3 


9.2 
7.B 

e.6 

7.2 
B:3 

8.5 


3.1 
3.3 

2.1 

i.7 

1.6 
1.7 
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T«bl»  3b.  EiilT«ct«bl«  ba»»  n»ulr«l»  (ATG19).  Spruoa  F«ll»  Powr  and  P»pT  Company  Ltd..  (Data:  2-5-1891)- 

Company  0O0134OCX)9  l-Mefhyl-  2-Me(r>y(-  1-Chtoro-  2-Ch)OfO-  Benzfa]-  Dibenz[aj 

Cnlr  pt    01  Prod            Doily  flow       NapMhateng    naphthalene     naphthalene    naphthalene     naphthalene     Anthracene      anthracene      anthracene 
T/day mS/dajr mfl/ionne         mq/lonne         mgAonne         mg/tonne         mg/tonna         ms/lpnne         mg/lonne         mgAonne 


Date 

Jan/go 

1,115 

75,556 

Fab/90 

1,087 

78,323 

Uar/90 

1,071 

84  330 

Apr/90 

1,077 

84,152 

May/90 

1,039 

82.384 

Jun/90 

1,028 

91.463 

Company:  0001340009 

Phenan- 

Acenapd- 

Acenaph- 

5-Nrtro-ace- 

Fluor- 

Benz[b]- 

Benz[k] 

Cnlr.pt.:  OlProd           Daily  flow 

threne 

thene 

thylene 

naphthene 

Chrysene 

anlhane 

lluoranthene 

lluDfanlhenfi 

Fluorene 

T/tlay          m3/dav 

mfl/tonne 

mg/tonrw 

mg/ionne 

mg/tonne 

mg/tonne 

mo/tonr>e 

mg/tonne 

mfl/ionne 

mg/lonne 

Date 

Jan/90 

1,115 

75,556 

Feb/90 

1,087 

76,323 

Mar/90 

1,071 

84.330 

Apr/90 

1,077 

84.152 

May/90 

1,039 

82.3S4 

Jun/90 

1,028 

91,463 

Company  0001340009 

Ben  2  [a] - 

idenofl  ,2,3-ccl 

Bwz(B.h,il- 

CnlriM   OlProd           Daily  ttow 

Pyrene 

pyrene 

pyrene 

Perylene 

perylene 

Indole 

Camphene 

T/day          mS/day 

mg/ionna 

mg/tonne 

mg/lonne 

mg/tonne 

moAonne 

mg/tonne 

mg/tonne 

Date 

Jan/90 

1,115 

75.556 

FebflO 

1.087 

78,323 

Mar/90 

1.071 

84,330 

Apr/90 

1,077 

64.152 

May/90 

1,039 

62.364 

Jun/90 

1,028 

91 ,483 

515 
142 


Table  4b.  Actdio  exttaoiablaa  (ATG20)-  Spruca  Falla  Powar  and  Papar  Company  Ltd..  [Data:  2-5-1981). 

Company;  0001 340009  4-ChlofO-  2-ChlOTO-       2,4-DIChk)ro- 
Cntrpt    OlProd            Daily  tlow           Phenol            m-Cresol          o-Cresoi           p-Cresol         2,4-rf\eno\        m-cresof  phenol  phenol 
T/day          m3/daY          mg/tonne         mg/lonne         mg/tonne         mg/ionne         mg/ionna         mg/ionne         mgAonne         mg/tonne 


Date 

Jan/90 

1,115 

75.556 

- 

Feb«0 

1,087 

78,323 

187 

Mar/90 

1.071 

64,330 

Apr/90 

1,077 

84.152 

102 

MayflO 

1.039 

82,384 

151 

Jun/90 

1,026 

91.483 

Company  OOOl 340009 

2,6-DK:hloro- 

2.3,4-Tri- 

2.3,5-Tri- 

2.4,5-Tri- 

2,4.6-Tri-      2,3,4.5-Teira-2,3,4,6-Tetra- 

2,3,5.6-Tetra- 

Penta- 

Cntr  pi    01  Prod            Daily  llow 

phenol 

chlorophenol 

chlorophenol 

chiorophenol 

chlorophenol    chlorophenol    chlorophenol 

chloroprienol 

chlorophenol 

T/day          m3/day 

mq/lonne 

mg/tonne 

mg/tonne 

mg/tonne 

mg/tonne         mq/tonne         mg/tonne 

mg/lonne 

mg/tonr>e 

Dale 

Jan/90 

1,115 

75.556 

Feb/90 

1,067 

78.323 

Mar/90 

1,071 

84,330 

Apr/90 

1.077 

64,152 

Mayi^O 

1.039 

82.384 

Jun/90 

1,028 

91,483 

Company  000134D009 

4-Nitro- 

2,'t-Dinitro- 

4.6-Din(tro- 

Cnir  pi,  OlProd            Daily  How 

phenol 

phenol 

o-cresol 

T/day          m3/dav 

mg/tonne 

mq/ionoe 

mg/tonne 

Date 

j8n/90 

1,115 

75,556 

Feb/90 

1,067 

78,323 

Mar/90 

1,071 

64.330 

Apr/90 

1,077 

84,152 

May/90 

1,039 

62,364 

Jun/90 

1.028 

91 ,463 

31sl  May  1991 
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Tabl»  5b.  ChtorlnaHd.  ntult«l»  [ATG(23).  Spfuo  Fall*  Powr  and  PapT  Coiiip»ny  Ltd..  (Daf :  2-5-ia81). 

Company.  0001340009  Hexachloro-  Hexachloro-  Hoxachloro-  1 ,2,3-Trichlorol ,2,4-TrichlofO?.4,5-TrK:hloro  1 .2.3,4-Telra- 1 ,2,3,5-Telra- 
Cnlr  pt  01  Prod  Daily  flow  ethane  butadiene  yciopentadien  benzene  benzene  toluene  chiorobenzene^hlorobenzene 
T/day          m3/day         mg/tonne         mg/tonne         mg/lonne         mg/tonne         mg/tonna         mflnonne         mgAonne         mfl/tonne 


Date 

Jan/90 

1,115 

75.556 

FebflO 

1.087 

78.323 

Mar/so 

1.071 

84.330 

Apf/90 

1.077 

84,152 

May/so 

1.039 

62.384 

Jun/90 

1,02B 

91,483 

Company  0001340009 

l,!.4,5-T.n- 

Pvnta- 

H*ia- 

Oclachioro- 

Cntrpl    01  Prod            Daity  flow 

chl(xob*ni«na 

dil<irob*ni«n* 

(iil«ob*fl»ni 

styrene 

T/dav          m3/dav 

mtj/tonne 

mg/tonne 

mg/tonne 

mg/ionne 

Date 

Jan/90 

1,115 

75,556 

Feb/90 

1,087 

78.323 

Mar/90 

1.071 

84.330 

Apr/90 

1,077 

84,152 

May/90 

1,039 

82,384 

Jun/90 

1.026 

91 .483 

Table  Bb.  Chlorinated  dlo»lne,  dibenzofuranee  and  PCB'e  (ATG(23).  Spruce  Falle  Power  and  Paper  Company  Hd..  (Dale:  2-5-19B1). 

Company  Q0013400O9  2,3.7,8-  Tola!  Tola!  Total  Total  Total  Total  Toial 
Cnlrpi    01  Prod            Daily  ttaw            TODD              TCOO               TCDF               PCDD               PCDF              HxCDD 
T/day          m3/day           ^gtonne           tigionne           pgtonne           uflionne           jjgtonne           ijglonne 


Dale 

Jan/90 

1,136 

74,549 

Mar/90 

1.071 

84,330 

May/90 

1.039 

82.364 

HxCDF 
pgtonne 


HpCDD 
HH  tonne 


Company   0001340009  Total 

Cnir  pi    01  Prod  Daily  flow  HpCDF  OCDO  OCDF 
T/day          mS/day          tig/lonne          ^Jg^onne          pg/ionne 


Total 
RGB's 

onne 


Date 

Jan/90 

1,136 

74.549 

Mar/go 

1.071 

84,330 

May/90 

1.039 

82.384 

MH 


47  2 
622 
174 


3  3 


Table  7b,  Fatty  and  realn  aclda  fATG  2«).  Spruce  Falta  Power  and  Paper  Company  Ltd..  (Date;  2-5-1991). 

Company:  0001340009                             Oleic              Pimaric             Abielic            DehytJro-         Isopimanc      Levopimaric      Neoabieiic    Dhlorodehydro- 
Cnifpi.  OlProd           daily  now            acid                acid                acid          abioiicacid           acid  acid  acid  abieric  acW 
T/day          m3/day           gflonne g/tonna g/tonne g/ionne g /tonne g /tonne 


Date 

Jan/90 

1.115 

75,556 

27  7 

174 

195  0 

175  0 

61.4 

Fsb/go 

1,067 

76,323 

12  5 

1222 

1602 

35.2 

Maf/90 

1.071 

64,330 

13  8 

10  9 

142  6 

155  2 

43.4 

Apr/90 

1,077 

84,152 

B.6 

4.5 

52  4 

104  5 

18.1 

May/90 

1,039 

62,384 

10  6 

58 

59  2 

1543 

24  5 

Jiin/90 

1,028 

91,483 

21  2 

5  5 

71  3 

135  9 

25  3 

g/lonne 


g/tonne 


Company  0001340009                    Dich!orod9fiydr<    Total  resin        Total  resin        Tot^  resin 
Cnirpt    OlProd            Daily  (low     abieiicacM          acids              acids  acids 
T/day m3/day           grtonne            g/lonne Kg/day <mfl/l> 


Data 

Jan/90 

1,115 

75,556 

Feb/90 

1.067 

78,323 

Mar/90 

1,071 

84,330 

Apr/90 

1.077 

84,152 

May/90 

1,039 

82.384 

Jun/90 

1,026 

91,483 

649  9 

725 

9.59 

486  9 

529 

6  76 

611  4 

655 

7  76 

251  1 

2/0 

3.21 

279  9 

291 

3  53 

292  S 

301 

329 

Vaiues  lof  dehydroabtetic  acid  and  dicfilorodehydroabieiic  acid  are  monthly  averages 


196  2 

169  3 

256  3 

71  7 

36,2 

548 


4  9 

3  0 


3lBl  May  1991 
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TabI*  tb 

Matala  (ATG  »  1.12). 

Spruoa  Fall*  Powar  and  Paoar  Con 

pany  Ltd.. 

Data:  2'S-1991). 

Company 

CKX}13400CProd. 

Daily  rkM 

BoryNum 

Aluminium 

Copper 

Zmc 

Chromium 

Nickel 

Molybdenum 

Cobalt 

T/dav 

mS/day 

fl/tonne 

fl/tonne 

g/tonne 

fl/tonne 

g/tonne 

g/tonne 

g/lonne 

g/lonne 

Dat« 

Jan/90 

1.115 

75.556 

11 

20 

7  1 

FabAO 

1.087 

78.323 

- 

10 

0.7 

88 

. 

0.7 

. 

Mar/90 

1.071 

84,330 

- 

11 

0  8 

104 

. 

. 

, 

Apr/90 

1,077 

84,152 

- 

19 

08 

8.6 

. 

. 

. 

May/so 

1.039 

82.384 

r 

25 

1.6 

8  1 

16 

. 

_ 

Jun/90 

1.02S 

91 ,483 

- 

23 

1.8 

101 

. 

. 

. 

Company 

0001 3400C  Prod. 

Daily  flow 

Vanadium 

Silvar 

Lead 

Cadmium 

Thallium 

Mercury 

T/day 

m3/dav 

fl/tonn« 

g/lonne 

g/lonne 

g/lonna 

Q/tonna 

g/lonne 

Data 

Jan/90 

1.115 

75,556 

- 

. 

2  0 

, 

. 

F«b/go 

1,087 

78,323 

- 

. 

2.2 

0.22 

- 

, 

Mar/go 

1,071 

84,330 

- 

- 

. 

. 

. 

_ 

Apr/90 

1,077 

84,152 

. 

, 

. 

. 

_ 

., 

May/90 

1.039 

82,384 

- 

- 

. 

. 

_ 

, 

Jun/90 

1,026 

91 ,483 

- 

■ 

- 

- 

Values  for  aluminium  and  zink  are  monthly  averagas 


31slMay  1991 


-86- 


MiU25 


Average  flow.  Production  and  Conductivity  data  from  Spruce  Falls  Power  and  Paper  Company  Ltd., 

Control  point  0100  (17-5-1991). 


m^/day       t/day 
120000   -r  1500 


ps/cm 
r4000 


-3000 


-2000 


-  1000 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS,  COD  and  BOD  data  from  Spruce  Falls  Power  and  Paper  Company  Ltd., 
Control  point  0100  (17-5-1991). 
kg/\or\ne 
200  -, 


160  - 

120  - 

80  - 

40  - 


L'.k-  \  /  ^.  ^'■'  \  ^'  "•  \ '''  ^^ ...  "■-  '\^ 


0   -■ ^ . . 1 -r* 

1/Jan/90      31/Jan/90      1/Mar/90     31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


—  Average  flow 

--  Conductivity 

—  Production 


—  COD 
--  TSS 
■   B0D5 
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Tabl»  lb.  H«l09»n«f  d  volatllaa  (ATG1B).  Domtar  Inc..  Contalnvrboard  DIv.  (Tranton).  (Data:  2fl-4-1flB1). 


Company  0000140608 

Ctiloro- 

Chlofo- 

Bromo- 

BfOmodi- 

Dichlofo- 

1 .1  -DichlOfO- 

1 .2-DichlofO- 

1.1-Dichloro- 

Cnirpl    01  Prod             Daily  flow 

meltiane 

elhylana 

melhane 

;hlorom  ethane 

melhane 

eihane 

sthane 

ethylene 

T/day         m3/day 

mg/lonne 

mg/tonne 

mg/lonne 

mg/ionne 

mg/ionne 

mg/tonno 

mg/tonne 

mg/tonne 

Jan/90 

336 

3.S60 

FetV90 

346 

3.957 

Mar/90 

364 

3.754 

Apr/90 

230 

3,m5 

May/90 

374 

4.046 

Jun/90 

3B2 

4,401 

Company  0000140608 

iran8-1.2-Di-    1.2-Dichk)ro- 

cie-l  ,3-Di- 

trans-l  ,3-Di- 

Dibromo- 

Tnchtoro- 

Dibromo- 

Tribromo- 

1,1.2-Tri- 

Cntrpl    01  Prod.           Daily  flow 

;hloroethylene      propane 

:hlofopropylen 

;hloropfopylen' 

ethylene 

methane 

^loromelhane 

methane 

cMoroethane 

T/day          m3/day 

(TiflAonne         mg/lonne 

mg/lonne 

mg/tonne 

ma/tonne 

mg/tonne 

mg/lonne 

mg/tonne 

mg/lonne 

Jan/90 

336 

3.860 

FebflO 

348 

3.B57 

Mar/90 

364 

3.754 

Apr/90 

230 

3,805 

May /SO 

374 

4,046 

Jun/90 

362 

4,401 

Company.  0000140608  Trichtoro-  Trllluofo-  Telrachloro-  1 .1 .2.2-Telra-  Tetrachloro-  Chloro- 
Cnir.pi  01  Prod  Daily  flow  etfiylene  cHagn>»th*na  melhane  cfiloroethane  ethylene  benzene 
T/day          m3/day          mg/lonne         mg/lonne         mg/lonrw         mgAonne         mg/tonne         mg/lonne 


1 .2-Dictitoro-    1  .S-Dichloro-    1 .4-Dtchk)ro- 
benzene  benzene  benzene 

mg/tonne         mg/lonrw         mg/lonne 


Jan/90 

336 

3,860 

Feb/90 

348 

3.957 

Mar/90 

364 

3,754 

Apr/90 

230 

3,605 

May /SO 

374 

4.046 

Jun/90 

362 

4,401 

Table  2b.  Nonhaloganalad  volalllaa  fATG17).  Domtar  lr>c.,  Conlalnaiboard  Ply.  {Trenton).  (Data:  29-4-1  891J. 

Company  0000140608 

Cntrpl .  01  Prod  Daily  flow  Slyrene  Benzene        m.p-Xylene        o-Xylene  Toluene 

T/day m3/day mg/tonne         mg/ionr»         mg/ionne         mg/tonne         mg/tonne 

Dale 

Jan/90  336  3.860  ... 

Feb/90  348  3.957  -  0  ^  r 

Mar/90  364  3,754 

Apr/90  230  3,805  ..... 

May/80  374  4,046  ...... 

Jun/90  382  4.401  ..... 


Table  9b.  Inorganic*  (ATG  3.  4,  4,  7  t  15).  Domtar  Inc.,  Containarboard  Dlv 

(Trenton) 

(Data:  29-4 

1991). 

Company  0000140608 

Cnir.pl    01  Prod            Av    flow                 pH            Conductivity      NH3tl>4H4        N02+N03 

Tolai-N 

Total- P 

Sulphide 

T/day          m3/day                                       us/cm             g/lonne            n/lonne 

fl/lonne 

g/tonne 

fl/ionne 

Dale 

Jan/90 

322 

3.702 

BO 

1178 

3 

6 

38 

2 

.- 

Feb/90 

316 

3.950 

79 

1099 

1 

J' 

39 

18 

- 

Mar/90 

331 

3.865 

7,8 

962 

8 

6 

114 

15 

- 

Apr/90 

310 

3.827 

7  7 

1011 

1 

6 

106 

15 

- 

May/90 

340 

4.027 

77 

949 

1 

4: 

•» 

i9 

- 

Jun/90 

341 

4,330 

60 

1040 

1 

4 

ei 

a 

- 

Table  10b.  Group  and  unapactllc  varlablaa  (ATG  1.  5,  a.  PPl-3).  Domlar  Inc..  Containarboard  Dlv.  ^Trenton).  (Pale;  29-4-1991). 
Company  0000140608 

Cmr  pi     01  Prod             Av  flow                 BOD5                 AOX                   COD                   DOC                  TOC                   TSS                   VSS              COD/BOO 
T/day m3/tonne Kg/lonne  Kg/tonne  Kg/lonne         Kg/tonne  Kg/Tonne  Kg/Tonne  Kg/tonne 


Dale 

Jan/90 

322 

11 

130 

Feti/90 

316 

13 

13  8 

Mar/90 

331 

12 

13  7 

Apr/90 

310 

12 

15  2 

May/90 

340 

12 

15.8 

Jun/90 

341 

13 

234 

SIstMay  1991 

30.5 
32.9 
29.0 
32.7 
27  6 
33  7 


3.2 
2.0 
1,9 
1.2 

1.4 
13 


2  3 

2  4 
2  1 
2  2 

1  8 
1  4 
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T»bU  3b.  EitractabI*  b«»»  n»ulfl«  (ATGiaj.  Domtar  Inc..  Contalntrboard  DIv.  (Tr>nlon}.  (DaH:  29-4-18B1). 

Company  0000140606  1-Metriyl-  2-Machyl-  l-Chlon>-  2-Chloro-  Benz[B]-  Dibenz[a] 
Cmr  pt  01  Prod  Daily  flow  NapMhalene  naphthalene  naphthalene  naphthalene  naphthalene  Anlhracene  anihracene  anthracene 
T/day m3/day mg/ionne         mgAonne         mg/lonne         mg/ionne         mfl/lonne         mg/tonne         mfl/tonne         mg/lonne 


Dale 

Uan/80 

336 

3,860 

FotWSO 

348 

3.957 

MarAO 

364 

3.754 

Apr/90 

230 

3,805 

May/90 

374 

4,046 

Jun/90 

382 

4,401 

Company  0000140608 

Phenan- 

Acenaph- 

Acenaph- 

5-Nltfo-ace- 

Fluor- 

Benz[b]- 

Benz[k] 

Cntr  pi    01  Prod            Daily  How 

Ihrene 

Ihene 

Ihylene 

naphthene 

Chrysene 

anthene 

tiuoranlhene 

tluoranlhena 

Ftuofene 

T/dav          m3/da¥ 

mg/tonne 

mg/tonne 

mg/iortne 

mg/tonne 

mgflonne 

mg/tonne 

mg/tonne 

mg/ionne 

mg/lonne 

Date 

Jan/90 

338 

3,860 

FabW) 

348 

3.957 

Mar/90 

364 

3,754 

Apr/90 

230 

3.805 

Uay/90 

374 

4,046 

Jun/90 

382 

4,401 

Company  0000140606 

Berz[a]- 

tdeno[1 ,2.3-ca 

Benz[g.h,i]- 

Cntrpt    01  Prod.           Daily  How 

Pyrene 

pyrene 

pyrene 

Perylene 

perylene 

indole 

Camphene 

T/day          m3/day 

mg/tonne 

mg/lonne 

mg/ionne 

mg/tonne 

mp/tofine 

mq/lonne 

mg/lonne 

Date 

Jen/so 

336 

3.860 

F«b«0 

348 

3,957 

Mar/90 

364 

3,754 

Apr/90 

230 

3,805 

May/90 

374 

4.046 

Jun/90 

382 

4,401 

Table  4b.  Addle  exlractablts  (ATG2D). 

Domtar  Inc. 

Contalnerboard  DIv.  (Trenton).  (Date 

29-4-1991} 

Company   0000140606 

4-Chlofo- 

2-Chloro- 

2.4-Oichloro- 

Cntr  pt    01  Prod            Dajfy  flow           Phenol 

m-Cresoi 

o-Cresol            p-Cresol          2,4-i(ylenol 

m-cresol 

phenol 

phenot 

T/day          m3/day          mg/ionrw 

mg/tonne 

mg/lonne         mplonne         mg/tonne 

mg/tonne 

mg/tonne 

mpAonne 

Date 

Jan/90 

336 

3.660 

0 

HUiO 

348 

3.957 

0 

Mar/9Q 

364 

3.754 

0 

Apr/go 

230 

3.805 

0 

May/90 

374 

4,046 

0 

Jun/90 

382 

4,401 

Q 

Company  0000140608 

2,6-Dichloro- 

2,3.4-Tri- 

2,3,5-Tri- 

2,4.5-Trj- 

2.4.6-Tn-      2.3.4. 5-Teira-  2.3.4 ,6-Telra-  2,3.5.6-Tetra 

Penta- 

Cntr  pt    01  Prod            Daily  How 

phenol 

chlofophenol 

chlorophenol 

ch)orophenol 

chloropfienol    chloropheno<    chlorophenol    chloropftenol 

chlorophenol 

T/day          m3/day 

mg/tonne 

mg/ionrw 

mg/tonne 

mg/tonne 

mg/tonrw         mg/lonne         mg/lonne         mg/lonne 

mg/tonne 

Date 

Jan/90 

336 

3.860 

F«bAO 

348 

3.957 

Mar/n 

364 

3.754 

Apr/90 

230 

3,805 

May /so 

374 

4.046 

Jun/90 

382 

4,401 

Company   0000140608 

4-Niiro- 

2.4-Diniiro- 

4.6-Dlniiro- 

Cntr  pt    01  Prod             Daily  flow 

phenol 

phenol 

O-cresol 

T/day          m3/day 

mq/lonne 

mg/lonne 

mg/lonne 

Date 

Jan/90 

336 

3.860 

Fsb«0 

348 

3.957 

MafAO 

364 

3.754 

Apr/90 

230 

3,805 

May/90 

374 

4.046 

Jun/90 

382 

4,401 

31st  May  1991 
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Tabl»  5b.  CMorlnaud.  n«ulf)»  {*TG{a3).  Domi>r  Inc..  Conl«ln»rboafd  DIv.  (Tf  nlon).  (Dat>:  29-4-1881). 

Company  0000140608  Hexachlofo-  Hexachlortv  Hexachloro-  l.2,3-Trichlorol,2.4-Trichloro?,4.5-Tr>chloro-1.2.3,4-Telra-  1,2,3,5-T6ira- 
Cnir  pi  01  Prod  Daily  flow  elhang  buiadiene  yclopentadien  beniana  benzsna  tolusne  :hloroben2ane:hlorobenzene 
T/day          m3/day          mg/tonne         mg/lonne         mg/ionne         mg/ionna         mgAonne         mg/lonne         mg/tonne         mg/lonna 

0,0 


00 


Date 

Jan/90 

336 

3,860 

FBbJSO 

348 

3.957 

Mar^O 

364 

3,754 

Apr/90 

230 

3,a05 

Uay^O 

374 

4,046 

Jun/90 

382 

4,401 

Company  00001 4060B 

I7.4,5-T>ra- 

Ptnk- 

H*i>«- 

Octachloro- 

Cntr  pi    01  Prod,           Daily  ftow 

chlorobanxcn* 

cl<loio<Mni«n« 

ctilorob«nf«n>« 

styrene 

T/tlav           m3/day 

mg/tonne 

m[}/Ionna 

mg/lonne 

murtonne 

Dale 

Jan/90 

336 

3,860 

FflbflO 

348 

3,957 

Mar/90 

364 

3,754 

Apr/90 

230 

3,805 

May/90 

374 

4,046 

Jun/90 

382 

4,401 

Tabl»  6b.  Chlorlnatad  dlp»ln»,  <Hb»nzoturarft  and  PCB't  (ATG[23).  Oomtar  Inc.,  Cotitalntrboard  DIv.  (Tr»n<on).  (Oaf;  28-4-1981). 
Company  0000140608                           2.3,7,8-              Total                Total                ToiaJ                Tolal                Tolal                 Total  Toial 
Cntr  pt    01  Prod             Daily  flow             TODD                TCOD                TCDF                 PCOD                 PCDF                HkCDD              HxCOF               HpCOD 
T/day          m3/day pg  tonne pgtonne ^lglon^e Mflionne tigtonna [jglonne pgionne ijflionne 


Date 

Apf/90 


230 


3. 805 


0.0 


0.0 


0.0 


00 


Company  0000140608 

Total 

Total 

Cnir  pt    01  Prod             Daily  flow 

HpCDF 

OCDD 

OCDF 

PCB-s 

T/day          m3/dav 

ug/lonne 

pg/tonne 

tifl/ionne 

pq/!onne 

Date 

Apf/90 


230 


3,805 


00 


0.0 


00 


Tabia  7b.  Fally  and  raaln  actds  (ATG  26). 

Oomlar  Inc. 

Conlalnarboard  DIv, 

(Tranton).  (Data:  29-4-1881). 

Company  0000140608                             Oleic 

Pimaric 

Abieiic            DefiydfO- 

Isopimanc      Levopimarlc      Neoabielic 

^hlofodehydro- 

Cnir.pt  .  01  Prod            Daily  Mow              acid 

acid 

acid          abieiic  acid 

acid                 acid                  acid 

abielic  actd 

T/day           mS/day            o/tonna 

g /tonne 

Q/tonns            a/tonne 

fl/tonne            g/lonne            g/ionne 

flAonne 

Dale 

Jan/90 

336 

3,860 

Feb/90 

346 

3,957 

Mar/90 

364 

3,754 

Apf/90 

230 

3,805 

May/90 

374 

4.046 

Jun/90 

382 

4,401 

0  0 
00 
0  0 
0  0 
0  0 
00 


00 
00 
00 
0  0 

0  0 
0  0 


00 
0  0 
00 
□  0 

0  0 

a  0 


7  4 
11  5 

13  0 

19  4 

14  5 
16  2 


0  0 
0  0 
0  0 
0  0 
0  0 
0.0 


00 
00 


0.0 


00 
00 


Company  0000140608 

Dichlofodehydri 

Total  fesin 

Total  restr 

Total  resin 

Cntr  pi    01  Pfod 

Daily  liow     abieiic  acid 

acids 

acids 

acids 

T/day 

m3/day            g/tonne 

g/lonne 

Kg/dav 

<mfl/l> 

Date 

Jan/90 

336 

3.860 

Feb/90 

348 

3,957 

Mar/90 

364 

3,754 

Apf/90 

230 

3  80S 

May/90 

374 

4,046 

Jun/90 

382 

4,401 

7.4 

2 

064 

11-5 

4 

1  01 

13,0 

5 

1  26 

19.4 

4 

1   17 

14  5 

5 

1.34 

162 

6 

1  41 

Values  tor  dehydroabiatic  acid  and  dlchlorodeliydroabtetic  acK)  are  monthly  averages 
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T«bl»  8b-  M«f l»  (ATG  9  tM).  Domff  Inc.  Conf Inarboard  PIv.  (Tf>nlon).  (Dal»:  2fl-4-19tt1). 

Company 

00001 406C  Prod              Oaity  flo*        Berylium         Aluminium          Copper               Zinc             Chromium            Nickel         Molybdenum         Cobalt 
T'fiay m3/day  g/tonne  fl/tonne  g/lonna  g/lonne  g/lonna  p/lonna gAonne  g/ionne 


Date 

j8n/90 

336 

3.B60 

Feb/90 

348 

3.957 

Mar/90 

364 

3.754 

Apf/90 

230 

3, BOS 

May /SO 

374 

4,046 

Jun/90 

362 

4,401 

30 

00 

1  7 

- 

00 

35 

00 

22 

0.0 

0.0 

36 

00 

1  7 

. 

- 

55 

0  0 

29 

00 

. 

31 

00 

1.5 

0.0 

- 

29 

00 

1,3 

. 

. 

Company 

00001 406C  Prod 

Daily  Itow 

Vanadium 

Sitvef 

Lead 

Cadmium 

Thallium 

Mercury 

T/dav 

ms/dav 

g/tonne 

B/ionne 

g/tonne 

g/tonna 

fl/ionne 

g/tonne 

Data 

Jan/90 

336 

3,660 

Feb/90 

348 

3,957 

Mar/90 

364 

3.754 

Apr/90 

230 

3,805 

May/90 

374 

4.046 

Jun/9Q 

382 

4,401 

0.00 
0  00 


000 


0  00 
0.00 


0  00 


Values  lor  aluminium  and  zink  are  monthly  averages 


31slMay  1991 
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Average  flow.  Production  and  Conductivity  data  from  Domtar  Inc.,  Containerboard  Div.  (Trenton). 

Control  point  0100  (14-5-1991). 
m^/day      Vday  ^s/cm 

5000    -T  1500  r4000 


4000   - 

3000   - 


2000   - 
1000   - 


0 


M  •  ii\ 


;>  '■  " 


tY^y^ 


3000 


-2000 


-1000 


0 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS.  COD  and  BOD5  data  from  Domtar  Inc.,  Containerboard  Div.  (Trenton), 

Control  point  0100  (14-5-1991). 
kg/tonne 

120  -t  "^=^ 


80  ■ 


40  - 


I     ^    .-..—  --    ■    —  —  ^ - 
1/Jan/90      31/Jan/90      1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


—  Average  flow 

—  ■  Conductivity 

—  Production 
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T«bl*  lb.  Haloginaitd  vol>tl 

•  ■  (ATG1S] 

MacMlllan 

Blo*d*l  Ltd 

(Sluraton  Fatia)..  (Data 

29-4-1091]. 

Company:  0001 530005 

Cfiloro- 

Chloro- 

Bfomo- 

Bromod  i-          Dich  1  of  o- 

1 .1  -Dichloro-    1 ,2-Dichloro- 

1,1-Oichloro- 

CMT.pt.:  ISProd            Daily  flow 

meihano 

sihylene 

methano 

^loromeihanc      maihane 

eihane             eihane 

aihylene 

T/day          m3/dav 

ma/Ion  ne 

mQ/ionne 

ma/tonne 

mg/1or>r>s         mg/lonne 

mo/tontia         maflonne 

ma/ionne 

Jan/90 

313 

15.979 

Fe&/90 

316 

13.142 

Mar/90 

340 

13,521 

Apr/90 

283 

13.466 

May/90 

341 

15,086 

Jun/90 

324 

14,929 

Company  0001530005 

Irans-l  ,2-Di-    1 .2-Oichloro- 

CFS-1 .3-Di-       trans-1 ,3-D(- 

Dibromo- 

Tfichtoro- 

Dibromo- 

Tribfomo- 

1.1.2-Trt. 

Cnu.pt.:  liProd            Daify  llow 

:hloroethylene      propane 

:hloropropylen<:hlorop  ropy  le  n< 

ethytena 

melhane 

:H^loromeihane 

mathane 

chloroaihane 

T/day         m3/aav 

mg/ionne         mg/ionne 

mfl/lonna         mg/lonne 

mfl/ionne 

mg/tonna 

mg/ionn9 

mg/lonne 

mg/lonne 

Jan/90 

313 

15,979 

fsb/90 

316 

13.142 

Mar/BO 

340 

13.521 

Apr/90 

283 

13,466 

MaySO 

341 

15,086 

Jun/90 

324 

14,929 

Company  0001530005 

TrichlorD- 

Trifluoro- 

Tairachloro- 

1,1,2.2-Telra- 

Telracliloro- 

Chloro- 

1 ,2-Dichloro- 

1.3-Dichloro- 

1,4-Dichlofo- 

Cntr.pt.:  UProd            Daily  flow 

elhylena 

(Mofomsthan* 

melhane 

chlofoeihane 

sitiyiene 

benzena 

benzene 

benzene 

benzene 

T/day          m3/dav 

mfl/!Onne 

Dig/tonne 

mg/lonne 

mg/lonne 

mg/lonne 

mg/lonne 

mflAonne 

mg/lonne 

mg/lonne 

Jan/90 

313 

15.979 

Feb/go 

316 

13.142 

Mar/90 

340 

13,521 

Apr/90 

283 

13.466 

May/90 

341 

15,086 

Jtjn/90 

324 

14,929 

Tabla  2b.  Nonhaloganatad  vptairiaa  (ATG17).  MacMlllan  Bloadal  Lid.  (Slufgaon  FalU)..  (Dale:  29-4-1BB1). 

Company  0001 530005 

Cnir.pt.:  1!  Prod            Daily  ficw«  Styrene  Benzene        m.p-Xylene        o-Xylene  Toluene 
T/day           m3/day mg/lonne         mg/tonne         mg/lonne         mg/ronne         mg/tonna 


Date 

Jan/90 

313 

15.979 

Feb/90 

316 

13.142 

Mar/90 

340 

13,521 

Apr/90 

283 

13,466 

May/90 

341 

15,086 

Jun/90 

324 

14,929 

3S6 

940 

433 


256 
2,892 


267 


Table  9b.  InorQanlca  (ATG  3,  4,  B,  7  &  15).  MacMiilan  Bloadal  Ltd.  (Sturgaon 

Falls)..  (Data:  29-4-1991). 

Company  0001530005 

Cnif.pt.   liProd            Av    flow                 pH            Conduaivily      NH3  +  NH4        N02+N03 

Toial-N             TolaNP           Sulphide 

T/day           m3/dav                                       US/cm             g/tonne            g/tonne 

gAonne            glonne            g/tonne 

Dale 

Jan/90 

259 

13.745 

4  8 

1756  7 

11 

14,861 

1,432 

130 

. 

Feb/90 

301 

13,995 

5  1 

1735.0 

9 

10,583 

1,073 

61 

. 

Uar/90 

310 

12,674 

5  1 

1771  1 

647 

12.866 

1,123 

104 

. 

Apr/go 

275 

13,929 

53 

1895  3 

102 

25.108 

532 

94 

. 

May /90 

293 

13,815 

5  0 

1856  1 

693 

13.598 

663 

87 

- 

Jun/90 

279 

13,727 

54 

1971  8 

975 

10,957 

1,279 

82 

- 

Table  10b.  Group  and  unapacltfc  variables  (ATG  1,  5 

B,  PP1-3). 

MacMlllan  Bloadal  Ltd 

(Sturgaon  Falls)..  (Data 

29-4-1991). 

Company  0001530005 

Cntr.pl.:  llProd-           Av.  flow               BOD5                AOX 

COD 

DOC                   TOC 

TSS                 VSS 

DOC/BOD 

T/day          m3/tonne          Kg/tonne         Kg/tonne 

Kgflonre 

Kg/tonne         Kg/tonne 

Kg/lonne          Kg/tonne 

Date 
Jan/90 
Feb/90 
Mar/90 
Apr/90 
Mey/90 
Jun/90 


259 
301 
310 
275 
293 
279 


53 
46 
41 
51 
47 
49 


122  1 

123  1 

121  3 
154  9 
1354 
114  0 


161  3 
125  8 
119  3 
132  1 

108  8 
106  4 


6.2 
«.2 

04 

10.6 

8.1 

7,3 


5.5 


1.3 
t.O 
1.0 
0.9 
0.8 
0.9 
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Tabr*  3b.  ExtractabI*  baa*  nautrala  (ATGIS).  MacHillan  Bloadal  Lid.  (Sturoaon  Falla)..  (Data:  29-4-1SB1). 

Company  0001 530005                                                 1  -Moihyl-         2-Mechyl-          1  -Chloro-         2-Chloro-                                 Benzla]- 

Dibenz[a] 

Cnir  pt    M  Prod            Daily  ttow       Naphthalene    naphthalene    naphlhatere    naphthalene    naphthalene     Anthracene      anthracene 

anthracene 

T/day           m3/dav             mo/tonne         mg/lonne         mo/lonna         maAonne         mgflonne         mg/lonne         mgAonne 

mg/tonne 

Date 

Jan/90 

313 

15,979 

Feb/90 

316 

13,142 

Maf/90 

340 

13.521 

Apr/90 

263 

13.466 

May/90 

341 

15.0S6 

Jun/90 

324 

14.929 

Company  0001530005 

Phenan- 

Acenaph- 

Acenaph- 

S-Nltroace- 

Fluor- 

Benz[b]- 

Benzfk) 

Cntrpi    llProd            Dally  How 

Ihfena 

thene 

Ihylena 

naphthene 

Chrysene 

anthene 

Huoranthene 

nuoranlhene 

Fluorane 

T/day           m3/dav 

mg/tonne 

mnflonne 

mg/lonne 

mg/tonne 

mg/tonne 

mg/tonne 

mg/tonne 

mg/tonne 

mg/tonne 

Dale 
Jan/90 
Feb/90 
Uar/90 
Apr/90 
May/90 
Jun/90 


313 
316 
340 
283 
341 
324 


15.979 
13.142 
13,521 
13,466 
15,086 
14.929 


Company  OOOl  530005 

Benz[a]- 

ideno(i,2,3'Cd 

Benz{g,h.i]- 

Cntrpt    liProd            Daily  flow 

Pyrene 

pyrene 

pyrene 

Perylene 

perylane 

Indole 

Camphene 

T/day          m3/dav 

mg/lonne 

mg/tonne 

mgAonne 

mg/tonne 

mp/tonne 

mg/tonne 

mg/tonne 

Date 

Jan/90 
FebfflO 
Mar/90 
Apr/90 

Mav/90 
Jun/90 


313 
316 
340 
283 
341 
324 


15.973 
13.142 
13.521 
13.466 
15.086 
14,929 


Company  0001530005 

4-Chloro- 

2-ChtofO- 

2,4-Dichloro- 

Cntrpi    ifProd            Daily  flow 

Phenol 

m-Cfesol 

o-Cresd 

p-Cresol 

2,4-xylenol 

m-cresol 

phenol 

phenol 

T/day          m3/day 

mg/tonne 

mg/tonne 

mg/ionne 

mfl/tonne 

mg/tonne 

mg/lonne 

mg/tonne 

mg/tonne 

Date 

Jan/90 

313 

15.979 

- 

Feb/90 

316 

13.142 

9.467 

Maf/90 

340 

13,521 

176 

Apr/90 

283 

13,466 

- 

May/90 

341 

15.086 

- 

Jun/90 

324 

14.929 

Company  0001530005 

Cntrpt    KProd  Daily  flow 

T/day         m3/day 


2,6-Dichloro-       2.3,4-Tri-         2.3.5-Tri-         2.4,5- Tri-         2.4.6-Tri-      2,3,4,5-Teifa- Z,3,4,6-Totra- 2,3,5,6-Tetra-        Penta- 
phenol        ctiiorophenol    chlorophenol    chiorophenol   chlofophenol    chiorophenol    chlorophenol    chlorophenol    chlorophenrt 
mfl/tonne         mg/tonne         mg/ionne         mg/tonne         mg/ionne         mg/tonne         mgAonne         mg/toftne         mg/lonne 


Date 
Jan/90 
Feb/9D 
Mar/90 
Apr/90 
May/90 
Jun/90 


313 
316 
340 
283 
341 
324 


15,979 
13,142 
13.521 
13,466 
15,066 
14,929 


Company  0001530005 

4-Nrtro- 

2,4-Dinitro- 

4,6-Oinitro- 

Cntr  pi    M  Prod            Daly  flow 

phenol 

phenol 

D-cresol 

T/day         m3/day 

mg/tonne 

mg/tonne 

mg/tonne 

Date 

Jan/90 

313 

15,979 

Feb/90 

316 

13,142 

Mar/90 

340 

13,521 

Apr/go 

283 

13,466 

May/90 

341 

15,086 

Jun/9D 

324 

14,929 

31st  May  1991 
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MiU20 


N.  McCdfcin  ConaJarts  Inc. 


BAT  Detinllion  Study.  Pub  and  Paper  Sedor 


T«bl»  5b-  Chtoflnaf  d.  n«uu>lt  (ATG(23).  MaeMlllan  Blotd«l  Hd.  (Slurgaon  Fallt)..  (D«t>:  29-4-lflBI). 

Company  000153CXX)5  HttxacMoro-  Henachloro-  Hexachloro-  I ,Z,3-Tfichlorol ,2.4-Tnchlor&a.4.5-TrK;hloro  1 .2,3.4-Teira-  1 .2.3,5-Tetra- 
Cntr  pi :  i;  Prod  Daily  (tow  sthane  butadiene  yclopentadien  benzene  benzene  toluene  shlorobenzene^hlorobenzene 
T/day          m3/day          mg/tonne         mg/lonne         mg/ionne         mg/tonne         mg/lonne         mgflonne 


mg/lor 


ig/lonne 


Date 

Jan/go 

313 

15.979 

Feb/9a 

316 

13,142 

Mar/90 

340 

13,521 

Apr/90 

283 

13,466 

Uay/90 

341 

15,086 

Jjn/90 

324 

14,929 

Company:  0001530005 

l,!,4,5-T.»«- 

p«ta- 

H«u- 

Octachtoro- 

Cntf  pi :  IJPfod            Daily  (tow 

tfi)o«>lMni«na 

ChtcKotwiUHM 

cMarob*nz«n* 

styrene 

T/day          mS/day 

mfl/tonne 

mg/ionrw 

mfl/tonne 

mg/Ionne 

Date 

Jan/90 

313 

15.979 

Feb/90 

316 

13.142 

Uar/90 

340 

13,521 

Apf/90 

283 

13,466 

May/90 

341 

15,066 

Jun/90 

324 

14,929 

Table  6b.  ChlcMnaltd  dtonlne.  dibenzoluranee  and  PCB'e  (ATG(23).  MacMlllan  Bloedet  Ltd.  (Sturgeon  Falla)..(D«te:  26-4-1991) 

Company  0001530005  2.3,7,8-  TolaJ  Total  Total  Tolal  Total  Total  Total 

Cnirpt,,  liProd  Daily  flow  TCOD  TCOO  TCDF  PCDD  PCDF  HxCDD  HkCDF  HpCDD 

T/day  m3/day  pgtonne  uglonne  Mglonne  pgtonne  pgionne  jjoionae  ^Jl)lonne ijoionne 

DaM 


Company-  0001530005 

Tolal 

Total 

Cntr.pl    11  Prod            Daly  ftow 

HpCDF 

OCDD 

OCDF 

pea's 

T/day          m3/dav 

tifl/lonne 

iig/lonne 

Ufl/lonne 

Ijg/lonne 

DM* 


Table  7b.  Fany  end  reetn  «cld«  (ATG  26).  MacMlllen  Bloedtl  Hd.  (Sturgeon  Falla)..  (Dale:  2a-4-1991). 

Company  0001530005  Oleic  Pmartc  Abieiic  Oehydro-         Isopimaric      Levopimaric      Neoabietic    ^niorodetiydro- 
Cntr.pt    1 J  Prod           Daily  tlaw            acid                acid                acid          abietic  acid  acid  acid  acid  abietic  acid 
T/day          m3/day           g/tonne            g/tonne            g/tonne            g/tonne            g/tonr^a            gAonne            g/lonne 


Dale 

Jan/90 

313 

15,979 

FebflO 

316 

13,142 

Mar/go 

340 

13,521 

Apr/90 

283 

13,466 

May/90 

341 

15,086 

Jun/90 

324 

14,929 

fl/tonne 


64  0 

243 

5  7 

06 
1  1 


7  3 
55 
26 
43 

2.8 


4  4 
2.3 


6  0 
8  7 
50 
20 
187 
44 


Company:  0001530005                    Dichlofodehydr(    Toca)  rosin        Total  resin        Total  resin 
Cnir  pi  :  iJProd             Daily  flow     abietic  acid          actds              acids  acids 
T/day m3/tiay           g/lonna            g/tonne Kg/day <mfl/1> 


Dale 

J«n/90 

313 

15.979 

Feb/90 

316 

13,142 

Mar/go 

340 

13.521 

Apr/90 

263 

13.466 

May /go 

341 

15,086 

Jun/90 

324 

14,929 

6.Q 

93.0 

120  9 

30.5 

149.3 
1159 


2 
30 

41 
6 

Bl 
38 


0.12 
226 
304 
0  43 
3  37 
2  51 


Values  tor  dehydroabieiic  acid  and  dichlorodehydroabietic  acid  are  monthly  averages 


70  9 
53,8 

13.7 
98  1 

11  4 


46  9 


4  0 
92  2 


3.1 


5  7 


66 

1  9 

14.1 

2  7 


3ls(  May  1991 
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MilZO 


N,McCubt)inCoo9Jtenlslnc. 


BAT  Definilion  Study.  Pub  and  Paper  Sector 


TabU  9fa.  Mtl»l»  (ATG  9  H2).  MacMlltan  Blo«d»l  Ltd.  (Sturgeon  F«ll»)..  {D»t>:  29-4-1881). 

Company 

000153OOC  Prod              Daity  tkm        Befyhum         Aluminium          Copper               Zinc             Chromium  Nickel 
T'tiwf m3/day           g/tonne g/tonna g/tonne flflonna g/tonne qAonna 


Dale 

Jan/90 

313 

15,978 

FetV90 

316 

13.142 

Mar/90 

340 

13.521 

Apr/90 

283 

13,486 

May/90 

341 

15,0S6 

Jun/90 

324 

14,929 

Molybdenum 
g/tonne 


Cobalt 

fl/tonna 


51 

6 

29 

- 

3 

. 

75 

- 

24 

1 

1 

1 

66 

1 

22 

1 

1 

2 

59 

1 

36 

- 

1 

1 

93 

3 

21 

3 

2 

2 

49 

3 

25 

2 

4 

2 

2 

Company 

0O0153OOCPfDd 

Datly  flow 

Vanadium 

Silver 

Lead 

Cadmium 

Thallium 

Mercury 

T/day 

m3/day 

g/tonns 

g/ionne 

g/lonne 

g/tonne 

gAonne 

(; /tonne 

Dale 

Jan/90 

313 

15,979 

3 

Feti'90 

316 

13,142 

2 

Mar/90 

340 

13.521 

2 

Apf/90 

263 

13,466 

1 

May/9D 

341 

15,086 

3 

Jun/90 

324 

14,929 

6 

Values  for  aluminium  and  zintc  are  monthly  averages 


31st  May  1991 
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Mill20 


Average  flow.  Production  ar>d  Conductivity  data  from  MacMlllan  Bloedel  Ltd.  (Sturgeon  Falls), 

Control  point  1300  (15-5-1991). 
m-^/day      Vday  ps/cm 


20000   T  1500 


r4000 


-3000 


-2000 


1000 


1/Jan/90      31/Jan/90       1/Mary90     31/Mar/90    30/Apr/90     30/May/90    29/Jun/90 


TSS.  DOC  and  BODS  data  from  MacMlllan  Bloedel  Ltd.  (Sturgeon  Falls)., 
Control  point  1300  (15-5-1991). 


kg/tonne 
300  T 


200  ■ 


100  - 


0  - 


■%i^#y%feh^ 


»s^^ 


^-^.'*'^^-^-;'■-^'-^-v^,.,^w■/.^Vv^,..^-J.,^J.V,./>V 


Average  flow 

Conductivity 

Production 


1/Jan/90      31/Jan/90      1/Mar/90     31/Mar/90    30/Apr/90     30/May/90    29/Jun/90 


MILL  20 


N.  McCubbin  Consultants  Inc. 


BAT  Detinition  Study,  Pulp  and  Paper  Sector 


Deinking-Board-Fine  Papers-Tissue  Sub-sector 


Beaver  Wood  Fibre  Company  Ud.  Thorold 

Domtar  Inc.,  Fine  Papers  Div.  St.  Catharines 

E.  B.  Eddy  Forest  Products  Ltd.  Ottawa 

Noranda  Forest  Inc.,  Recycled  Papers  Thorold 

Kimberly-Clark  Canada  Inc.  St.  Catharines 

Kimberly-Clark  Canada  Inc.  Huntsville 
Trent  Valley,  Paperboard  Industries  Corporation  Trenton 

Strathcona  Paper  Company  Napanee 
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Appendix  B 


N-  McC  Jjbin  CofstAanls  Inc. 


BAT  Delinition  Sludv.  Pub  and  Paper  Sedor 


T«bl«  lb.  H«lo9«nat»d  vol«tll»»  (ATG19),  Baivr  Wood  Flbf  Company  Ltd..  (D«l«:  29-4-1991 


Company  000)620004 

Ctiloro- 

Chlofo- 

Bromo- 

Bfomodi- 

Dichlofo- 

l.l-Dichtoro- 

1 ,2-Dichtoro- 

1.1-DicHlofo- 

Cntrpi    01  Prod            Daily  (kw 

melhane 

eihylene 

methane 

:hloro  methane 

methane 

ethane 

elhane 

ethylene 

T/day         m3/day 

mg/tonne 

mg/lonne 

mg/ionr>e 

mg/tonne 

mg/ionne 

mg/tonne 

mgrtonne 

mg/tonne 

Jan/90 

286 

16,600 

Feb/90 

233 

14,900 

1.599 

Mar/90 

310 

15,800 

673 

Apr/90 

328 

14,300 

- 

May/90 

318 

16,700 

- 

Jun/90 

340 

15,900 

- 

576 

101 


2»1 


54 

22 


279 
448 


174 

1,076 


Company  0001620004 

lran8-1.2-0i- 

1 ,2-Dictiloro-      cJS-1 .3-Di-      Irans-l  ,3-Oi- 

Dibromo- 

Trichtoro- 

Oibromo- 

Tribfomo- 

1.*.2-Tr(- 

Cntr  pt    01  Prod             Daily  (low 

:hloroethy1ene 

propane      :tiloropropylen<:hlDropropyken< 

ethylene 

methane 

:hloromethBne 

methane 

chloroethane 

T/day          m3/day 

mgrtonne 

mg/ionne         mg/tonne         mg/lonne 

mg/lonne 

mfl/ionne 

mg/lonne 

mg/lonne 

mc/!onne 

Jan/90 

286 

16  600 

Feb/90 

233 

14  900 

Mar/go 

310 

15.800 

Apr/90 

328 

14.300 

May/90 

318 

16.700 

Jun/90 

340 

15,900 

73 

112 
166 


Company  0001620004 

Trictiloro- 

Tnfluoro- 

Tetrachtoro- 

1,1,2.2-TBlra- 

Teirachloro- 

Chloro- 

1 .2-Dichtoro- 

1 .3-Dichloro- 

1 ,4-OiChlOf  0- 

Cmr  pt.  01  Prod            Daily  llow 

eihylene 

chlcromathin* 

melhane 

chloroelhane 

elhylene 

benzene 

benzene 

benzene 

benzene 

T/day          m3/dav 

mg/lonne 

mg/tonne 

mg/lonne 

mg/lonne 

mg/lonne 

mg/tonne 

mg/tonne 

mg /tonne 

mq/tonne 

Jan/90 

286 

16.600 

FebflO 

233 

14,900 

Mar/go 

310 

15,800 

Apr/go 

326 

14,300 

May/90 

318 

16.700 

Jun/90 

340 

15,900 

S7 


25 


TabU  2b.  Nonh»loi|*naied  volatllee  (ATG17).  Saavr  Wood  Fibre  Company  Ltd..  (Palo:  29-4-1991). 
Company  000162OOQ4 

Cntr.pt    01  Prod            Daily  flow  Styrene  Benzene        m.p-Xylene        o-Xylen©  Toluene 
T/day m3/day mg/iontie         mg/ionne         mg/ipnne         mg/tonne         mg/tonne 


Date 

Jan/90 

2B6 

16.600 

Feb^O 

233 

14.900 

Mar/90 

310 

15.800 

Apr/90 

328 

14.300 

May /go 

318 

16.700 

Jun/go 

340 

15,900 

34 

75 

42 

816 

- 

81 

37 

723 

- 

95 

18 

362 

15 

- 

17 

105 

- 

- 

• 

152 

150 

96 

126 

Table  9b.  Inorganics  (ATG  3.  4,  6,  7  t  15).  Beaver  Wood  Fibre  Company  Ltd. 

(Date:  28-4-1991). 

Company  0001620004 

Cntrpi    01  Prod             Av    llow                   pH             Conductivity      NH3+NH4         N02*N03 

Tot^-N              Tolai-P 

Sulphide 

T/dav          m3/dav                                       us/cm             g/lonne            g/lonne 

g/Ionne            q/tonne 

g/lonne 

Date 

Jan/90 

143 

15.650 

7  4 

377 

4 

30 

230 

5 

- 

Feb/go 

197 

15,143 

7  3 

38<t 

1 

20 

208 

4 

- 

Mar/90 

235 

15.400 

7  3 

374 

3 

10 

70 

4 

- 

Apr/90 

242 

14.308 

7  4 

382 

2 

11 

115 

4 

- 

May /go 

246 

15,319 

7  3 

379 

8 

12 

187 

4 

- 

Jun/90 

288 

15.057 

7  2 

380 

1 

1 

97 

9 

- 

Table  10b.  Group  and  unepeclflo  varlablee  (ATG  1.  5.  e,  PPl-3).  Beaver  Wood  Fibre  Company  Ltd..  tPate:  29-4-1981). 
Company  0001620004 

Cnir  pt    01  Prod             Av  llow                 BOD5                 AOX                   COD                   DOC                   TOC                   TSS                   VSS              DOC/BOD 
T/day  m3/Tonne  Kg/tonne         Kg/lonne  Kg/lonne  Kg/tonne         Kg/tonne  Kg/lonne         KgAonne 


Date 

Jan/go 

143 

110 

13  5 

7,6 

6  2 

06 

Feb/90 

197 

77 

86 

S.O 

3  9 

0.8 

Mar/90 

235 

ee 

7  6 

4.5 

3  4 

0.6 

Apr/90 

242 

59 

70 

48 

27 

0.6 

May/90 

246 

62 

7  1 

4,4 

28 

0.6 

Jun/90 

288 

52 

6  1 

3  6 

2  1 

0.8 

31sl  May  1991 


-100- 


MiN05 


N.  McC\itin  ConsiJarte  Inc. 


BAT  Derinilion  Study.  Pulp  and  Paper  Sector 


Company  0001620004 

1-Melhyl- 

2-Methyl- 

1  -Chtoro- 

2-Chloro- 

Beni(a]- 

Dlbenz[B] 

Cntrpi :  01  Prod            Daily  flow 

Naphthalene 

naphthalena 

naphthalene 

naphlhalene 

naphlhalene 

Anthracena 

anlhracene 

anihracene 

T/day          m3/day 

ma/tonne 

mg/Ionne 

mq/lonne 

mg/tonne 

mg/ionne 

mg/tonne 

mg/ionne 

mg/ionne 

Oaie 

Jan/90 

286 

16.600 

FelVSO 

233 

14.900 

Mar/90 

310 

15.800 

Apr/90 

328 

14,300 

May/90 

318 

16,700 

Jun/9D 

340 

15,900 

47 


Company  0001620004 

Phenan- 

Acenaph- 

Acanaph- 

5-N[tro-ac8- 

Fluor- 

Benz[b]- 

Benz[k] 

Cntrpi.  01  Prod            Daily  llow 

Ihrene 

Ihene 

thylene 

naphthene 

Chrysena 

anihane 

tluoranthene 

tluoranlhene 

riuorene 

T/day          mS/day 

mg /tonne 

mciAonne 

mg/tonna 

mn/tonne 

mg/tonne 

mg/tonne 

mg/ionne 

mg/lonne 

mg/lonne 

Dale 

Jan/eo 

286 

16,600 

Feti«0 

233 

14,900 

Mar/90 

310 

15,800 

Apri^O 

32S 

14,300 

May/90 

318 

16,700 

Jun/90 

340 

15,900 

Company  0001620004 

Benz[a]' 

id6no[l.2,3-cc1 

Benz[s.ri,i)- 

Cntrpi    01  Prod            Daily  (tow 

Pyrene 

pyrene 

pyrene 

Peryiene 

perylene 

Indole 

Camphene 

T/day          m3/day 

mg/Ionne 

mg/ionne 

mg/ionne 

mg/ionne 

mg/lonne 

mg/lonne 

mg/lonne 

Date 

Jan/90 

286 

16.600 

Feb/90 

233 

14.900 

Mar/90 

310 

15,800 

Apf/90 

328 

14.300 

May /SO 

318 

16700 

Jun/90 

340 

15,900 

93 


Company  0001620004 

4-Chloro- 

2-Chloro- 

2.4-DhChloro- 

Cntr  pt    01  Prod            Daily  (low 

Ptwnol 

m-Cresol 

o-Cresol 

p-Cresol 

2,4-xylenol 

m-cr©80l 

phenol 

phenol 

T/day          m3/day 

mg/lonne 

mg/ionne 

mq/lonne 

mg/tonne 

mg/ionne 

mgAonne 

mg/lonne 

mg/tonne 

Dale 

Jan/90 

286 

16,600 

221 

- 

FetV90 

233 

14.900 

345 

. 

Mar/90 

310 

15,800 

418 

.- 

Apr/90 

328 

14,300 

288 

26 

May/90 

318 

16.700 

252 

42 

Jun/90 

340 

15.900 

566 

182 

M 

234 


19 


Company  00O162O0O4  2,6-DiChtoro-       2.3.4-Tri-  2,3.5-Tri-  2.4.5-Tri-  2.4,6.Tri-      2.3.4.5-Tetra- 2.3,4,6-Tetfa- 2,3.5.6-Teira-         Penia- 
Cnir  pi    01  Prod            Daily  llow            phenol        chtorophenof    chlofophenol    chlorophenol    chlofophenol    chlorophenol    chloroprwnol    chlorophenol    chlorophenol 
T/day          m3/day          mg/tonne         mg/lonne         mg/lonne         mg/tonne         mg/tonne         mg/ronne         mg/tonne         mg/lonne         ma/tonne 


ig/tc 


Date 

Jan/90 

286 

16.600 

Feb/90 

233 

14.900 

Mar/90 

310 

15.800 

Apr/90 

328 

14.300 

May/90 

31S 

16.700 

Jun/90 

340 

15.900 

Company  0001620004 

4-Niiro- 

2,4-Dlnilro- 

4,6-Dmilrt)- 

Cntr  pt    01  Prod            Daily  (low 

pherwl 

pherwl 

o-cresol 

T/day          m3/day 

mg/ionne 

mg/tonne 

mg/tonne 

Date 

Jan/90 

286 

16.600 

Feb/90 

233 

14,900 

Mar/90 

310 

15,800 

Apr/90 

328 

14,300 

May/90 

318 

16,700 

Jun/90 

340 

15,900 

31sl  May  1991 
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Mill05 


N.  McCJiin  ConsJarta  Inc 


BAT  DelinMion  Study.  Pub  and  Paper  Sector 


TabU  5b.  Chlofln>ltd.  n»ulr<l«  (ATG(23).  B««vt  Wood  FIbf  Compiny  Ltd..  jPtf.  28-4-1881). 

Company  0001620004  Hexachloro-     Hoxachloro-     HoKachloro-  l.2.3-TncNoro-l,2,4-Trichlofo».4,5-Trichloro-l.2.3.4-Tetra-  1,2.3.5-TBtfa- 

Cntr  p(.  01  Prod  Dai^  llcw  eihane  buiadieno     yclopsntadien      bsnzens  benzene  toluene       chlorobenieneohlorobenzene 

T/day  m3/dav  mg/lonne         mQ/lonne         mg/lonne         mfl/ionne         mg/lonne         mgAonne         mg/tonne         mg/lonne 


Dat« 

Jan/90 

286 

16.800 

Feb/80 

233 

14,900 

Mer/90 

310 

15.800 

Apr/90 

328 

14.300 

May/90 

318 

16,700 

J(in/90 

340 

15,900 

o.a 

0:4 
0.1 


0.3 


02 


Company  0001820TO4 

1.2.«.5-T*>*- 

Panli- 

H*xa- 

Ociachloro- 

Cntr.pl    01  Prod            Daily  flow 

cMof  ob*nx  «n# 

dila(ob*n;[arM 

cfileiob«niwi> 

slyrena 

T/day         m3/da¥ 

mQ/lonne 

mflAonne 

mg/lonne 

mg/lonne 

Dale 

Jan/90 

266 

16.600 

Feb/90 

233 

14,900 

Mar/90 

310 

16,800 

Apr/90 

328 

14,300 

May/90 

318 

16,700 

Jun/90 

340 

15,900 

Table  8b.  Chlorinated  dloxtrn.  dlbenzoturanea  and  PCB'a  (ATG(23).  Baaver  Wood  Fibre  Company  Ltd..  (Date:  28-4-1881). 

Company  0001620004  2,3.7,8-  Total  Total  Toial  Total  Total  Total  Total 

Cnif  pi     01  Prod  Datly  tUM  TCOD  TCOD  TCDF  PCDD  PCDF  HxCDD  HxCDF  HpCDD 

T/day  m3/day ^JglQnne tig  tonne }jg  tonne  pfltonne ^jgtonne tjgtonne yigtonne  pglonne 

Dale 


Company  0001620004 

Total 

Total 

Cnir.pt.  01  Prod            Daily  flow 

HpCDF 

OCDD 

OCDF 

PCB'8 

T/day          m3/0ay 

Ug/tonne 

Mflflonne 

pg/tonne 

pg/tonne 

Date 


Table  7b.  Fatly  and  r»«tn  aclde  [ATG  26).  Beaver  Wood  Fibre  Company  Ltd..  (Date:  28-4-1891). 
Company  0001620004  Oleic  Pimaric  Abjeltc  Dehydro-         Isopimanc      Levopimaric 
Cnir  pi    01  Pfod           Daily  flow            acid                acid                acid          abieiic  acid  acid  acid 
T/day          m3/day           g/tonna            g/lonne            g/tonne            g/tonne            g/tonne            g/lonne 


Date 

Jan/90 

286 

16.600 

Feby^O 

233 

14.900 

Mar/90 

310 

15.800 

Apr/90 

328 

14,300 

May/9a 

318 

16,700 

Jun/90 

340 

1  5.900 

Neoabielic    Dhlorodehydro- 
acid            abieiic  acid 
g/lonne g/tonne 


0  0 
0  6 


0  9 

1.2 


1,9 
1  1 


6  7 

106 


2  3 
63 


21  3 
36  4 
27 
186 
23,1 
17  3 


Company  0001620004                      OicWorodefiydn 

Total  resin 

Total  resin 

Total  resin 

Cntrpt    01  Prod              Daily  ttow      abieiic  ac«J 

acids 

acids 

acids 

T/day              m3/day           g/tonne 

Q/tonne 

Kg/day 

<mg/i> 

Date 

Jan/90 

266 

16.600 

Feb/90 

233 

14.900 

Mar/90 

310 

15.800 

Apr/90 

328 

14,300 

May/90 

318 

16,700 

Jun/90 

340 

15.900 

35  1 

10 

0  60 

60  6 

14 

0  95 

6  4 

2 

0  12 

23  6 

8 

054 

36  4 

12 

0  69 

20  3 

7 

0  43 

62 
70 
29 
2.6 
3  7 
20 


4.0 


1,4 


0  8 


0.8 


05 


Values  tor  dehydroabieiic  acid  and  dichtorodehydroabietic  acid  are  monthly  avwagea 


31st  May  1991 
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MitJOS 


N,  McCiJjbn  ConatJaf<3  ^x:, 


Tsbl*  Sb. 

Met 

III  (ATG  «  ft12). 

Bvavar 

Wood  FIbr 

1  Company 

Ltd.. 

(Data: 

29-4-1891). 

Company 

0001 6200C  Prod 

Daily  (tow 

Beryl!  urn 

Aluminium 

Copper 

Zinc 

Chromium 

NIclwl 

Molybdenum 

Coball 

T/day 

m3/dav 

fl/1onn« 

g/ionne 

g/lonne 

Q/ton 

IS 

g/ionne 

g/tonne 

B/ionne 

g/tonne 

Date 

Jan/90 

266 

16.600 

- 

43 

OS 

2.0 

. 

0-5 

03 

. 

Fsb^O 

233 

14.900 

- 

42 

0.7 

32 

. 

. 

OS 

. 

Mar/90 

310 

15.800 

- 

36 

0.7 

1.8 

06 

0.3 

. 

. 

Apr/90 

326 

14.300 

- 

80 

1.S 

0  7 

- 

. 

0.9 

- 

May/90 

318 

16.700 

- 

33 

- 

1,3 

3.4 

. 

. 

, 

Jun/90 

340 

15,900 

- 

16 

0.2 

1.0 

- 

• 

0.8 

- 

Company 

000 16200C  Prod 

Daily  flow 

Vanadium 

Silver 

Lead 

Cadmium 

Thallium 

Mercury 

T/day 

m3/dav 

g/tonns 

flAonne 

g/ionne 

g/tonne 

fl /tonne 

g/lonne 

Dale 

Jan/go 

266 

16,600 

07 

- 

01 

003 

- 

Feb/90 

233 

14,900 

0.5 

- 

0.3 

0,03 

. 

Mar/90 

310 

15.600 

0.5 

- 

. 

0  03 

. 

Apf/90 

328 

14,300 

1.0 

- 

- 

. 

May/90 

318 

16,700 

- 

. 

- 

. 

. 

Jun/90 

340 

15.900 

03 

- 

- 

- 

Values  tor  aluminium  and  zink  are  monthly  averages 


3l9t  May  1991 
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MiHOS 


Average  flow,  Production  and  ConduclMty  data  from  Beaver  Wood  Fibre  Company  Ltd., 

Control  point  0100  (9-5-1991). 
m  ^day      t/day 
20000    -r  1500 


ps/cm 
r4000 


-3000 


-2000 


■1000 


1/Jan/90      31/Jan/90      1/Mar/90     31/Mar/90    30/Apr/90     30/May/90    29/Jun/90 

TSS,  IX)C  and  BODS  data  from  Beaver  Wood  Fibre  Company  Ltd., 

Control  point  0100  (9-5-1991). 
kg/tonne 
16  -, 


12  - 


■Average  flow 
Conductivity 
Production 


1/Jan/90      31/Jan/90      1/Mar/90     31/Mar/90    30/Apr/90     30/May/90    29/Jun/90 


MILL  05 


N.McCijt±inOjn3utentelnc. 


BAT  Definition  Study.  Pulp  and  Paper  Sector 


Table   lb     Halogenaigd  vol«lile»  lATGlC).  Donrtw  Inc..   Fine  P«pef>  Div    (St.   C«lhyine«|    <D«e:  29-4-1991). 

Company   0000140509  Chlcro-  CWcro>  Bfomo-  Bromod-  Dichloro-       1,1-Oichla-o-    1.2-Dichloro-    1.1-Dichloro- 
Cntrpf     01  Prod            Daily  (Iom          methane          ethylene          methane     ihloromethane      meflwna  eihane  ethane  ethylene 
T/day          m3/dav         mq/tonne         mq/tonne         mq;tonne         mg/lonne         mq/lonne         miytonne         mq;tonne         mg/tonne 


Jan- 90 

169 

9,716 

Feb-90 

212 

10,351 

Maf-90 

151 

11,986 

Apr-90 

164 

13.929 

May-90 

191 

9,711 

Jun-90 

186 

11,545 

Company:  0000140509  B-an8-l,2-0i-  1.2-Dichloro-  ciB-1,3-DJ-  fan8-1.3-Di-  Dibromo-  Trichl(ro- 
Cnlrpt  OlProd  Daiiy  (low  ;hlofoethylene  pfopane  :hloropropyler.:hlofOpropylen.  ethylene  methane 
T/day          mJ/day         mq;ionne         mq/tonne         mg/lonne         mq/lonne         mg/tonne         miyionne 


Dibromo- 

:hloro  methane 

mg/tonne 


Tribromo- 
m  ethane 

mgjlonne 


1,1,2-Tn- 

chloroethane 

mq/tonne 


Jan- 90 

169 

9,716 

Feb-90 

212 

10.351 

Mbt-M 

151 

11.9B6 

Apf-90 

164 

13.929 

May-90 

191 

9,711 

Jun-90 

186 

11,545 

Company:  0000140509  Tfichlcro-         Trifluoro-       Telrachloro-  1.1.2,2-Tetra-    Teirachloro-         CWcro-        1,2-Dichlofo-    1,3-Dichloro-    1,4-Dichloro- 
Cnlf  pt     01  Prod            Daily  How  elhylene        chiiTem«f.an«         melhane       chloroethane       ethylene  benzene  benzene  benzene  benzene 
T/day          m3/day         mg/tonne         mq/tonne         mg/ionne         mq/lonne         mg/tonne         mq/tonne         m^/lonne         mq/tonne         mg/tonne 


Jan-90 

169 

9  716 

Feb-90 

212 

10,351 

Mar -90 

151 

11,986 

Apf-90 

164 

13.929 

May-90 

191 

9.711 

Jun-90 

186 

11.545 

Table   gb-    Nonhnloqenaled   votaiilea   {ATG17).   DomiT  Inc..   Fine   Papef  Div.  [St.    Caihwinesl.   (Date:   29-4-l991|. 

Company:  0000140509 

Cntr.pl,    01  Prod.            Daily  flow           Slyrene            Benzene  m.p-Xylene        o-Xylene            Toluene 

T/day          m3/day mq/tonne         mq/lonne  mq/tonne         mg/lonne         mq/tonne 


Date 
j8n-90 
Feb-90 
Mar-9a 
Apr-90 
May-90 
Jun-90 


169 
212 

151 
164 
191 
1S6 


9,716 

10,351 
11,986 
13,929 
9,711 
11.545 


Table  9b     Inorganics  (ATG  3.  4.  6,   7  *  IS).  Domtar  Inc..  Fine  Papera  Div.  (St    C«th«finea).  jPate    29-4-19911. 

Company.  0000140509 

CntrpI     01  Prod,           Ay    flow                 pH            Conductivity     NH3*NH4        N02*N03          Total-N             Toie^-P            Sulphide 
T/day  mS/day |ia/cm q/tonne ^rionne g/ionne g/ionne g/tonne 


Dare 

Jan-90 

169 

10.366 

Feb-90 

179 

10,758 

Mar  90 

159 

10,265 

Apr-90 

166 

10,962 

May-90 

156 

9,605 

Jun-90 

139 

10  935 

e  s 

64 
6  5 
6  9 
6.3 
6,9 


400 
410 

358 
365 
354 
376 


9 
25 

26 
30 

19 
36 


227 
44 

174 
76 
90 

71 


Table  lOb     Group  and  unepecitJc  variablea  tATG  1.  S.  8.  PP1-3).  Domtar  Inc  .  Fine  Papera  Div,  {St.  CathMlnea)     (Dale:  29-4-1991) 

Company    0000140509 

Cnlr.pt.    01  Prod            Av   flow               B005                AOX  COD                DOC 
T/day          m3/lQnne          Kg/tonne         Kg/tonne  Kg/lonn«         Kq/lonne 


Date 

Jan-90 

169 

51 

5.5 

Feb-90 

179 

60 

66 

Mv-90 

159 

65 

4  9 

Apr-90 

166 

66 

8.7 

May-90 

156 

62 

110 

Jun-90 

139 

79 

7,0 

31st  May  1991 

40  0 
216  0 
118.4 
5J  1 
M.1 
37.9 


0^ 


TOC 

TSS 

vss 

COD/ BOD 

Kq/tonne 

Kqftonne 

Kg/tonne 

, 

1,5 

. 

7.2 

- 

3  0 

- 

31.9 

^ 

2  1 

- 

24  0 

r 

1.8 

- 

5.9 

- 

46 

- 

6.2 

-- 

2.-^ 

. 

6  4 
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Mill  12 


BAT  Defiration  Sludv.  PuId  and  Pacer  Sactor 


T«bl«  3b    EKlraclablg  ba»e  neulf Is  (ATG19).  Dowlf  Inc..  Fine  Papef»  Div-  {St.  Cathfinw).   (Date:  Z»4-1991). 

Company:  0000140509  1-Meihyl-  2-M«thyl-  lOhloro-  2-Chloro-  BenzlaJ-  Dibenz[al 
Cntr.fM.  01  Prod  Daily  (low  Naphthalene  naphthalene  naphthalene  naphthalene  naphthalene  Anthracene  anthracene  anthracene 
T/day          m3/d8y mg/lonne         mg/lonne         mg/lonne         mg/lonne         mg/lonne         mq/lonne         mg/lonne         mq/lonne 


Dale 

J8n-90 

169 

9,716 

Feb-90 

212 

10,351 

Mv-90 

151 

11.986 

Apr-90 

164 

13.929 

Mey-90 

191 

9,71t 

Jun-90 

-fS6 

11,545 

Company:  0000140509 

Phenan- 

Acenaph- 

Acenaph- 

5-Mtro-ace- 

Fluor- 

Benz(bl- 

Benz(k] 

Cntrpt  :  01  Prod            Daily  How 

threne 

thene 

thylene 

naphihene 

Chryaene 

anthene 

fluoranthene 

fluoranthene 

Fluorene 

T/day          mSfday 

mq/tonne 

mq/ionne 

mq/lonne 

mq/ionne 

mg/lonne 

mq/tonne 

mq/ionne 

mq/lonne 

mq/lonne 

Dale 

Jen- 90 

169 

9.716 

Feb-90 

212 

10.351 

Ms '90 

151 

11.986 

Apr-90 

164 

13.929 

May-90 

191 

9.7t1 

Jun-90 

186 

11,S4S 

Company:  0000140509 

Benzla]- 

idenoj1.2,3-cd 

Benz[g,h.il- 

Cntr.pt     01  Prod            Daily  IIom 

Pyrene 

pyrene 

pyrene 

Perylene 

perylene 

Indole 

Camphene 

T/day          m3/dav 

mq/tonne 

mq/tonne 

mq/lonne 

mq/lonne 

mq/tonne 

mq/lonne 

mq/lonne 

Date 

Jan- 90 

169 

9.716 

Feb-90 

212 

10.351 

MBr-90 

151 

11,986 

Apr-90 

164 

13.929 

May-90 

191 

9.711 

Jun-90 

1S6 

11.54S 

Table  4b.  Acidic  eictractablea  (ATG20).   Domlar  Inc.,  Fine  Papefa  Div.  (St.  Calharinee),  (Dale:  29-4-1991). 

Company:  00001W509  4-CWao-          2-Chloro-      2.4-Dichloro- 
Cntr.pt  .  01  Prod            Daily  flow  Phenol           m-Cresol  o-Cieaol           p-Cresol         2,4-)(yieno(        m-aesol            phenol              phenol 
T/day          mS/day  mq/lonne         mg/lonne  mg/lonne         mq/lonne         mg/lonne         mq/tonne         mq/lonne         mq/ionne 


Dale 

Jan- 90 

169 

9.715 

- 

Feb-90 

212 

10,351 

- 

Mar-90 

151 

11.986 

-- 

Apr-90 

164 

13,929 

0 

May-90 

191 

9,711 

0 

Jun-90 

166 

ll.5a5 

0 

Company.  00001405D9 
Cntf.pi,.  01  Prod  Daily  (low 
T/day  m3(day 


2,6-Dichloro-       2.3.4-Tri-         2,3,S-Tri-  2,4,5- Tri-         2,4,6- Tri-      2,3.4,5-Telra-2,3,4,6-Telra-2,3,5,6-Teira-        Penta- 

phenol        chlorophenol    chlorophenol    chlorophenol    chlorophenol    chlorophend    chlorophenol    chlorophenol    chlofophenoi 
mij/ionne         mq/ionne         mq/tonne         mg/lonne         mq/tonne         mq/ionne         mg/ionne         mq/tonne         mg/ionne 


Data 

Jan- 90 

169 

9  716 

Feb-90 

212 

10  351 

Mar-90 

151 

11,966 

Apr-90 

164 

13.929 

May-90 

191 

9.711 

Jun-90 

166 

11,545 

Company,  0000140509 

4-Nilro- 

2.4-Diniiro- 

4,6-Dinilro- 

Cntr.pl  .  01  Prod 

Daily  flow 

phenol 

phenol 

o-creaoi 

T/day 

m3'dav 

mq/tonne 

mq/tonne 

mq/tonne 

Date 

Jan-90 

169 

9,716 

^ 

- 

-. 

Feb-90 

212 

10.351 

r 

- 

- 

Mar-90 

151 

11.986 

- 

- 

- 

Apr-90 

164 

13.929 

- 

- 

- 

May-90 

191 

9.711 

- 

- 

- 

Jun-90 

186 

11,545 

31st  May  1991 


-106- 


Mill  12 


N.  McCuttoin  Qaisultarte  Inc. 


BAT  Definition  Study.  Pulp  and  Paper  Sector 


Table  5b    Chlorinated.   neutr«l»  (ATG(23}-  Domlar  Inc..  Fine  Papwi  DIv    (St    C>lh»-)we»|.  lD>t«:   29-4-t991>. 

Company  0000140509  HeitecNoro-  Hexachloro-  He>iachloro-  1 ,2.3-Trichlor&l.2.4-Tfidiloro?,4,5-Trichlcr&  1,2,3,4-TetrB- l.Z.a.S-Tetra- 
Cntr  pi  01  Prod  Daily  tlow  ethane  butatfiene  ydopenladen  benzene  benzena  toluene  :hlorobenien<chlorobenienB 
T/day          in3/day         mq/lonne  mq/lonne         mq/lonne         mq/tonne         mg/lonne         mg/lonne         mq/lonne         mg/ionne 


Date 

Jan- 90 

169 

9.716 

Feb- 90 

212 

10.351 

Mar-90 

151 

11,986 

Apr-90 

164 

13,929 

Mbv-90 

191 

9,711 

Jun-90 

186 

11.545 

0.0 


0.0 
0.0 


0.0 


Company:  0000140509 

1.!,4.6-Tb»«- 

P*nl«- 

HtKU- 

Octachlore- 

Cntr  pi     01  Prod 

Daily  flow 

chlarob«niane 

cNorotMfiitna 

cMorebvnivng 

atyrene 

T/dav 

m3/day 

mqytonne 

mq/lonne 

mq/tonne 

mq/lonne 

Date 

Jan- 90 

169 

9.716 

■ 

0.0 

- 

- 

Feb-90 

212 

10,351 

- 

- 

- 

. 

Mar- 90 

151 

11,986 

- 

- 

- 

- 

Apr-90 

164 

13.929 

- 

- 

- 

- 

M8y-90 

191 

9.711 

- 

- 

- 

- 

Jun-90 

166 

11,545 

- 

- 

- 

- 

Table  6b.  Chlorinated  dionins.  iSbenzoluranes  and  PCBa  {ATG(23).  Domlaf  Ine  .  Fine  P>pefe  Kv.  (Si.   Calharinea)     (Dale:  29-4-1991] 

Company:  0000140509  2.3,7.8-  Total  Total  Total  Total  Total  Total  Total 

Cntr  pi,    01  Prod  Daily  (low  TCOD  TCDD  TCDF  PCDD  PCDF  HxCDD  HxCOF  HpCDD 

T/day  m3/dgy  ngionne  tiqtonne  tigtonne  nqionne  ttglQ^ine  tiQlonne  n.qionne  ^Lglonne 


Dale 

Apr-90 

192 

11,518 

Jun-90 

116 

12,957 

Company;  0000140509 

Total 

Total 

Cntrpt     01  Prod            Daily  flow 

HpCDF 

OCDD 

OCDF 

PCB-8 

T/day         m3/day 

uq/Ionne 

liq/tonne 

(iq/tonne 

uq/tonne 

Dale 

Apr-90 

192 

11  S18 

Jun-90 

116 

12,957 

0.0 


Table  7b.   FaitT  and  resin  acJda  (ATG  26).  Domlar  Inc.,   Fine  Papera  Ply.  (Si.  CaiharJneal.  (Dale:  29-4-1991^. 

Company:  0000140509                             Oleic              Pimartc             Abietic           Dehy*o-         Isopimaric      Levopimaric      Neoabietic    Dhlorodehydro- 
Cnlrpi     OlProd            Daily  flow             acid                 acid                 acid           abietic  add            acid                 acid                 acid            abietic  add 
T/day  mS/day  g/tonne g/lonne g/ionne g/tonne gftonne g/tonne gftonne g/tonne 


0.0 
0.0 


Date 

Jan- 90 

169 

9.716 

Feb-90 

212 

10.351 

Mar'90 

151 

11.986 

Apr-90 

164 

13.929 

May-90 

191 

9.711 

Jun-90 

186 

11,545 

- 

0.0 

41.7 

- 

- 

- 

0.0 

44.1 

0.0 

- 

00 

0.0 

1636 

0  0 

0.0 

0.0 

0.0 

40  1 

0.0 

- 

0.0 

302 

0.0 

0  0 

- 

0.0 

159 

0.0 

- 

Company,  0000140509                   Dictilorodehy*i 

Tola)  resin 

Told  resin 

Toial  rean 

Cntr  pi     OlProd             Daily  llow      abietic  add 

acids 

acids 

acids 

T/day              m3/day           q/tonne 

q/tonne 

Kg/day 

'rnqfl* 

Dale 

Jan-90 

169 

9,716 

Feb-90 

212 

10.351 

Mar-90 

151 

11  986 

Apr-90 

164 

13.929 

May-90 

191 

9.711 

Jun-90 

186 

11,545 

41.7 

0.73 

44.1 

0  90 

103.5 

28 

2  31 

40.1 

0.47 

30.2 

0.89 

159 

3 

0.2fi 

Values  lor  detiy*od)ietic  add  and  dicfilorodetiydoabietic  add  are  monlNy  averages 


31st  May  1991 
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Mill  12 


N.  McQjbbin  Conaillante  inc. 


BAT  EJefinition  Study.  Pulp  and  Pacer  Sector 


Tabta  to    MelalB  lATG  9  fc12)    Oomtar  Inc  .  Fin«  P«pw  Di».  (St.  C»thfln««l.  <D«!>:  2»-4-1991) 


Company 

00001 405C  Prod, 

Daily  fkw> 

Berytium 

Aluminium 

Coppar 

Zinc 

Chromium 

Nlclcel 

Mojybdanum 

Ct^ait 

T/dav 

m3'dav 

q/tonne 

q/tonne 

(jftonne 

q/tonne 

dftonna 

d/tonna 

q/tonne 

qnonna 

Dala 

Jan- 90 

169 

9,716 

Feb-90 

212 

10.3S1 

Mar'90 

151 

11.9B6 

Apr-90 

164 

13,329 

May-90 

191 

9,711 

Jun-90 

166 

11.545 

112 

Q.O 

1.2 

0.0 

ioa 

0.0 

1.2 

- 

13a 

D.O 

1.2 

0.0 

1B4 

- 

0.6 

- 

73 

■ 

0.7 

0.0 

69 

0.0 

0.6 

0.0 

0.0 


0.0 


Company 

00001405CProd 

Daily  flow 

Vanadium 

Silver 

Lead 

Cadmium 

Thallium 

Mercury 

T/d8V 

m3/dav 

q/tonne 

q/tonne 

q/tonne 

lytonne 

q/Ionne 

g/tonne 

Date 

J  an- 90 

169 

9,716 

0.0 

Feb-90 

212 

10,351 

0.0 

MBr-90 

1B1 

11.986 

0-0 

Apr-90 

164 

13.929 

0.0 

May-90 

191 

9,711 

0.0 

Jun-90 

166 

11,545 

- 

0.0 


0.0 


000 
0  00 

ooo 

000 


Values  for  aluminium  end  zink  ere  monthly  averages. 


31st  May  1991 
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Mai12 


Average  flow,  Production  and  Conductivity  data  from  Domtar  Inc.,  Rne  Papers  Division  (St.  Catharines). 

Control  point  0100  (14-5-1991). 
m^/day     t/day  ^ls/cm 

16000    -r  1500  r  4000 


12000    - 


8000 


4000   - 


3000 


-2000 


^vy::^'Sbc^^O^^^^ 


-1000 


—  Average  flow 

—  -  Conductivity 

—  Production 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS,  COD  and  BODS  data  from  Domtar  Inc.,  Fine  Papers  Division  (St  Catharines). 
Control  point  0100  (14-5-1991). 

■  kg/tonne  COD 

rSOO 


-  600 


-400 


-200 


T- 1 • " p 

1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


--  TSS 

■   BODS 
—  COD 


MILL  12 


N,MgQi,iajipgQn8tA9f<glnB, 


BAT  Delinrtton  Sludv.  Pub  and  Paper  Sedor 


T*bl«  lb.  H>log*n«fd  voUIII*t  (ATG16).  E.B.  Eddy  For»>l  Product*  Ltd.  (OtUw).  (Daf :  28-<-1981l 


Company  0000980201 

Chloro- 

Chloro- 

Bromo- 

Bromodi- 

Dichtoro- 

1 .1  -Oichloro- 

1 ,2-Dichloro- 

1,1-Dichloro- 

Cntr  pi    01  Prod            Oat^  fkw 

meitiane 

Bthylene 

melhane 

ii^loromelhanfl 

melhane 

slhane 

sihane 

ethylene 

T/day          rn3/day 

mg/lonrw 

mgrtonne 

mg/tonnfl 

mg/Ionne 

mg/lonno 

mg/ionrw 

mgrtonne 

mg/lonno 

Jan/90 

187 

9.523 

F8b/90 

170 

8.493 

Mar/90 

198 

8,264 

Apr/90 

244 

7,480 

Jun/90 

185 

6,647 

67 


655 


95 
72 


66 


Company  0000880201 

Ifans-1,2-Di-    1 ,2-Dtchtoro- 

d8-1.3-Dj-      lrans-1.3-0i- 

Oibromo- 

Trichloro- 

Dibromo- 

Tribfomo- 

1,1,2-Tri- 

Cntr  pi    01  Prod            Daily  Itow 

:hloroethylene      propan« 

;M  oro  p  ropy  te  n  i:h  1  OfOp  ropy  b  m 

eihyiene 

maihano 

:hloromeihane 

meihane 

cMoroethane 

T/day         m3/day 

mfl/lonne         mg/tonne 

mg/tonne         mgflonne 

ma/tonn« 

mg/lonne 

mg/tonne 

mg/tonna 

mg/lonne 

Jan/90 

187 

9,523 

Fet)/90 

170 

6,493 

MafJSO 

198 

8,264 

Apr/90 

244 

7,480 

Jun/90 

185 

6,647 

398 

95 

136 

86 

75 


Company  0000980201  Tnchloro-         Tntluoro-        Tetractiloro-    1 ,1 ,2,2-T9tra-    Tetrachloro-         Chloio-        1 ,2-0ichk)ro-    1 ,3-Dichk)ro-    1 ,4-Dichloro- 
Cnir.pt  .  01  Prod            Daily  How  ethylene       chi«ani.th*n*         methane       ctiloroethane       ethylene  benzene  benzene  benzene  benzene 
T/day          m3/day          mg/tonne         mg/ionne         mg/lonne         mg/lonne         mg/lonrw         mg/tonne         mg/tonne         mg/tonne         mg/lonne 


Jan/90 

187 

9.523 

Feb«0 

170 

8,493 

Mar/90 

198 

8.264 

Apr/90 

244 

7,480 

Jun/90 

185 

6,647 

labia  2b.  Nonhaloganaled  volaHI»a  (ATG17).  E,B.  Eddy  Fofat  Producia  Lid.  (Ollawa).  (Dale:  29-4-1991). 

Company  00009  8020 1 

Cntr.pl.  01  Prod            Daily  How  Styrene  Benzene        m,p-Xylena        o-Xylene  Toluene 
T/day m3/day mg/ionne         mqAonne         mg/lonne         mg/lonne         mg/tonne 

Date 

Jan/90  187  9.523  .  57  -  -  - 

FebOO  170  8,493  -  -  40  30  62 

Mar/90  198  6,264  ....  17 

Apr/90  244  7.480  12  17  8 

Jun/90  185  6,647  144  61  22 


Table 

9b.  Inorgan 

cs 

(ATG 

3, 

4 

«■  7 

& 

IS).  E.B.  Eddy 

Forest  Pra 

duels  Ltd. 

(Oitaws).  { 

Dats 

:  29-4-1991 

). 

Company  0000980201 

Cntr  pt 

01  Prod 

Av 

now 

pH 

Conduct  (Vity 

NM3  +  NH4 

Na2*N03 

Toii«-N 

Toial-P 

Suiptiide 

T/day 

m3/day 

lis/cm 

grtonne 

g/lonne 

g/Ionne 

g/lonne 

g/tonne 

Data 

Jan/so 

189 

8,465 

7  7 

323 

11 

18 

130 

1 

. 

FabW 

164 

8.032 

6.6 

311 

14 

13 

499 

19 

-; 

Mfer/M 

160 

7.271 

7  7 

365 

15 

12 

59 

3 

. 

Apr/90 

209 

6.671 

69 

341 

9 

8 

54 

1 

. 

May/90 

140 

5,339 

5  5 

290 

- 

- 

- 

Jun/90 

133 

4,636 

4  9 

227 

9 

8 

94 

2 

Tabia  10b.  Group  and  unspscHlc  vartablai  (ATG  1.  5,  B.  PPl-3).  E.B.  Eddy  Forest  Products  Ltd.  {Ottawa).  (Data:  29-4-1991). 

Company  0000980201 

Cntr  pi     01  Prod  Av  Itow  BODS  AOX  COD  DOC  TOC  TSS  VSS  COO/BOD 

T/day  m3Aonne  Kg/lonne         Kgflonne  Kg/tonne  Kgffonne         Kg/tonne  Kg/lonne  Kg/tonne 


Date 

Jan/n 

ie« 

45 

0.3 

Feb«0 

184 

49 

03 

Mar/90 

160 

45 

03 

Apr/90 

209 

32 

02 

May/90 

140 

36 

0.2 

Jun/90 

133 

36 

0  2 

31st  May  1991 

18  0 
18  9 
153 
10  7 

lie 

85 


00 


3.4 
3.7 
3.4 
2.5 

2.0 

1  5 


52 

57 
44 

49 
5S 

48 
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Mtll  15 


N  McCti±in  Consulanfe  in;. 


BAT  Definilion  Study.  Pulp  and  Paper  Se<?9r_ 


Tabl>  3b.  ExiracfbU  b»»  n«ulr«l«  (ATCIt).  E.B.  Eddy  Foft  Producf  Hd.  (OtUw).  (D>t»:  29-4-1881). 

Company;  0000980201  1-Msihyl-  Z-Mothyl-  1-Chtoro-  2-Chtoro-  Banzfa]-  Diben2[a) 
Cnir.pt,  01  Prod  Daily  IkM  Naphihalena  naphihatena  naphmalana  naphlhalsna  naphthatona  Anthracene  anthracene  anthracene 
T/day          m3/day mg/lonne         mgAonne         mg/tonne         mg/lonne         mp/lonne         mgAonne         mg/tonne         mp/lonne 


Dale 

Jan/90 

187 

9. 523 

167 

Feb90 

170 

8.493 

. 

Mar/90 

198 

8,264 

81 

Apr/90 

244 

7.460 

162 

Jijn/90 

185 

6,647 

137 

Company  0000980201  Phenan-  Acenaph-         Acenaph-       5-Nitro-ace-  Ruor-  Benzlb]-  Ben;(k] 
Cnir.pl.:  01  Prod            Oaity  flow           Ihrene              thane             thylene          naphthene        Ctirysene          anlhene        (luoranthene    tluoranthena       Fluowia 
T/day          m3/day mg/lonne         mg/tonne         mg/tonne         mg/tonne         mfl/ionne         mg/lonne         mg/lonrw         mg/lonne 


Date 

Jan/90 

187 

9,523 

Feb/90 

170 

8.493 

Mar/90 

196 

8,264 

Apr/90 

244 

7.460 

Jun/90 

185 

6,647 

ig/tonrw 


Company  0000980201  Benz[a)-     ideno(1 .2.3-cd  Benz[fl,hj]- 

Cntr  pi :  01  Prod           Daily  flow  Pyrene  pyrene  pyrene  Perylene  perylene  Indole  Camphene 
T/day          m3/day mg/lonna         mg/lonne         mp/lonne         mg/tonne         mg/lonne         mgAonne         mg/tonne 


Date 

Jan/90 

187 

9,523 

Feb/go 

170 

8,493 

Mar/90 

198 

8,264 

Apr/90 

244 

7,460 

Jun/90 

185 

6,647 

TabU  4b.  Acidic  •xtraeiabl**  <ATGao).  E.B.  Eddy  Fofeel  Pioducle  ltd.  (Ollawe).  (Dale:  2fl-4-1l)ai). 

Company  0000980201  4-Chloro- 
Cnir  pi  01  Prod  Daily  Itow  Phenol  m-Cresol  o-Cresol  p-Cresol  2.4-)(ylenol  m-cresoi 
T/day          m3/day         mg/ionna         mg/ionne         mg/tonne         mgAonne         mgAonne         mg/ionne 


Dale 

Jan/90 

187 

9.523 

Fet)/90 

170 

6.493 

Mar/90 

198 

8,264 

Apr/90 

244 

7,480 

Jun/9D 

185 

6,647 

2-Chtoro- 

phenol 
mgAonne 


2.4-Dlchloro- 

phenot 
mgAonne 


21 
50 


1fl 
65 


29 


Company  0000980201  2,6-Dichloro-       2.3,4-Tri-  2.3.5-Tri-  2.4.5^Tri-         2,4.6-Tri.      2,3,4, 5-Tetra.  2,3,4, 6-Teira- 2.3, 5.6-Teira-        Penla- 
Cni;  pt    01  Prod.           Daily  flow            phenol        chlorophenol    chlorophenol    chlorophenol    chlorophenol    chlorophenol   chtorophenol    chlorophenol    chlorophenol 
T/day          m3/day          mgAonne         mgAonne         mgAonne         mgAonne         mgAonne         mnAonne         mgAonne         mgAonne         mgAonne 


Dale 

Jan/90 

187 

9.523 

Feb/90 

170 

8,493 

Mar/90 

198 

8,264 

Apr/go 

244 

7.480 

Jun/90 

185 

6.647 

Company  0000980201 

4-Nilro- 

2.4-DmJiro- 

4.6-Diniiro- 

Cntr  pi    01  Prod 

Daily 

flow 

pheml 

phenol 

o-cresol 

T/day 

m3/dav 

mgAonne 

mg/tonne 

mgAonne 

Date 

Jan/90 

187 

9,523 

. 

. 

, 

Feb/90 

170 

8,493 

- 

. 

i 

Mar/90 

198 

8,264 

. 

. 

. 

Apr/90 

244 

7.480 

- 

. 

. 

Jun/90 

185 

6.847 

- 

- 

3l8t  May  1991 
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Mims 


N.McCitbinConsUtertBlnc. 


BAT  Delinilion  Study.  Pub  and  Paper  Sedof 


TabI*  5b.  Chlortnafd.  n«utr«t»  (ATG(231.  E.B.  Eddy  Fof  ■!  Pfoduot»  Ltd.  (Ollaw).  (D«l»:  28-4-1881). 

Company:  0000980201  Hexachloro-  Hexachloro-  Haxachloro-  1 ,2,3-Trk:hlorol ,2,4-TfichloroJ,4,5-Trichloro  1 ,2.3,4-T«tfa- 1 ,2,3,5-Telra- 
Cntr.pt :  01  Prod  Daily  tlow  eitiane  butadiene  yclopantadien  benzane  benzene  toluene  =hlorobenzene:Morobenzene 
T/day          mS/day         mq/lonne         mg/lonne         mg/tonne         m[j/lonne         mg/tonne         mg/lonne         mn/tonne         mg/tonne 

0.4 
0.3 


Data 

Jan/90 

187 

9,523 

Fab/so 

170 

8.4S3 

Mar/90 

196 

8,264 

Apr/90 

244 

7,460 

Jun/SO 

165 

6.647 

10 


0.4 

1.2 

0.5 

1.7 

0.3 

1.9 

0.4 

1.7 

0.3 

0.1 

0.6 
0.5 


Company:  0000980201 

t,2,4,S-T*lra- 

Pmt- 

H*H- 

Ociachloro- 

Cnir.pt :  01  Prod            Daily  flow 

chlorob*nian* 

chkirobaniww 

Ehkircibcnto* 

styrene 

T/day         m3/day 

mg/lonne 

mg/tonne 

mg/tonne 

mgrtonne 

Date 

Jan/go 

187 

9,523 

Fdb/90 

170 

8.493 

Mar/90 

198 

6.264 

Apr/90 

244 

7,480 

Juruvo 

185 

6.647 

Tabia  6b.  Chlorinated  dionina,  dibanaofuranea  and  PCB'e  (ATC(23).  E.B.  Eddy  Forea!  Producle  Ltd.  [Ottawa).  (Dale:  29-4-19911 

Company:  0000980201                           2,3,7.8-              Total                Total                Total                Total                Total                 Totai  Total 
Cntf  pi    01  Prod            Daily  How            TCDD               TCOD               TODF               PCDD               PCDF              HxCDD             HxGDF             HpCDD 
T/day          m3/day           pglonne           tjgtonne           tiglonne           pglonne tjglonne           ggtonne ^Jqlonn8 pglonne 


Date 

Jan/90 

171 

9,504 

Mar/90 

151 

6.416 

Company  0000980201 

Total 

Total 

Cnir.pt. :  01  Prod            Daily  lk)w 

HpCDF 

OCOD 

OCDF 

FOB'S 

T/day          m3/dav 

ug/ionne 

Ijg/tonn© 

ug/lonna 

Mfl/lonne 

Dale 
Jan/90 
Mar/90 


171 
151 


9.504 
6.416 


42 


Table  7b.  Fatly  and  raatn  actda  (ATG  26).  E.B.  Eddy  Foraat  Producta  Ltd.  (Ollawa).  (Dale:  29-4-1991). 

Company  0000980201                              Oleic              Pimaric             Abielic            Dehydro-         Isopimanc      Levopimaric      Neoabietic    Dtitorodehydro- 
Cntrpt  .  01  Pfod            Daily  Mow             acid                 acid                 acid            abietic  acid            acid                  acid  acid  abieticacid 
T/day          m3/day           g/lonne q/ionna g/lonne q/lonne g/lonne a^o"ne g/ionne 


qAonna 


Date 

Jan/90 

187 

9,523 

Feb/90 

170 

6.493 

Mar/90 

198 

8.264 

Jun/90 

185 

6,647 

0.7 


P.4 


1  4 

4  6 

0  4 

- 

2  5 

14.4 

14 

- 

12  9 

31.2 

- 

3.1 

0.3 

- 

0.7 

1.3 

Company  0000980201 

Dichlorodefiydn 

Total  resin 

Total  resin 

Total  resin 

Cntr.pi.:  01  Prod 

Daily  flow     abielic  acid 

acids 

acids 

acids 

T/day 

m3/day           g/tonne 

fl/lonne 

Kg/day 

<mg/t> 

Date 

Jan/90 

187 

9,523 

Feb/90 

170 

8.493 

Mar/90 

198 

8,264 

Jun/90 

185 

6,647 

6.4 

1 

0  13 

19.0 

3 

0  38 

47.2 

9 

1  13 

2,7 

1 

0.08 

Values  for  dehydroabieiic  acid  arvi  dicNorodet^ydroabietic  acid  are  monthly  averages 


31slMay  1991 
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Mill15 


N  MoCiiAffiCofBtjtMtsInc 


BAT  Detinilton  Sludv.  Pub  and  Paper  Sedor 


Company 

O00O98O2C  Prod 

Daily  ttow 

Beryljum 

Alumlnrum 

Copper 

Zinc 

Chromium 

Nickel 

Moybdenum 

Cobalt 

T/dav 

m3/day 

a/tonne 

g/tonne 

g/Ionne 

g/tonne 

g/ionns 

g/lonne 

fl/tonne 

g/lonns 

Oals 

JarU90 

1B7 

9,523 

FebiiSO 

170 

B.493 

Mar/90 

198 

8.264 

Apr/90 

244 

7.460 

Jun/90 

185 

8,647 

113 

0.7 

0& 

141 

. 

1.2 

104 

0.5 

0.4 

05 

0.2 

0.2 

03 
03 


Company 

00009802C  Prod 

Daily  ticwv 

Vanadium 

Silver 

Lsad 

Cadmium 

Thallium 

Mercury 

T/dav 

m3/dav 

gnonne 

fl/lonne 

Q/ionns 

g/ionna 

flAonne 

g/ionna 

Date 

Jan/90 

187 

9.523 

Fab/90 

170 

6,493 

Mar/90 

198 

6.264 

Apr/90 

244 

7,460 

Jun/90 

185 

6,647 

0.1 
0.3 


002 
0.03 

0.03 


001 


Values  for  aluminium  and  zink  are  monthly  averages. 


31st  May  1991 
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MiHIS 


Average  flow,  Production  and  ConductMty  data  from  E.B.  Eddy  Forest  Products  Ltd.  (Ottawa). 

Control  point  0100  (14-5-1991). 
m^/day     t/day  ^JS/cm 

12000   -r  1500  r  4000 


8000   -- 


4000  -■ 


•3000 


-2000 


•  1000 


1/Jan/90      31/Jan/90       1/Mar/90     31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS,  COD  and  BODS  data  from  E.B.  Eddy  Forest  Products  Ltd.  (Ottawa), 
Control  point  0100  (14-5-1991). 
kg/tonne 
40  T 


30  - 


20  - 


10  - 


■  ■     ""vi"       *■■■       ■  Uuri/Mli 


—  Average  flow 

--  Conductivity 

—  Production 


1/Jan/90      31/Jan/90       1/Mar/90     31/Mar/90    30/Apr/90     30/May/90    29/JurV90 


MILL  IS 


N-  McCtitin  Conaulats  Inc. 


BAT  Delinilion  Study.  Pub  and  Paper  Sedor 


T«bl»  1b.  H«log»n»f  d  vol«lll««  {ATG16).  Noonda  For««l  Inc..  H^cycUd  P«p»n.  (DaU:  2-5-1981). 


Company  0000940007 

Chlore- 

Chloro- 

Brofno- 

Bromodi- 

Dichloro- 

1,1-Dichloro- 

1 ,2-Olchtoro- 

l.l-Dichtoro- 

Cntr  pi    01  Prod            Daily  flow 

meinane 

ethylene 

methane 

cMoromethane 

methane 

elhane 

eihane 

athylene 

T/day         m3/day 

mgAonne 

mg/tonne 

mg /tonne 

mgAonne 

mg/ionn« 

mg/lonne 

mg/tonne 

mgAonne 

Jan/90 

269 

19.129 

Feb/90 

284 

21,188 

Mar/90 

255 

19,140 

Apr/90 

267 

22,443 

May/90 

274 

22,661 

71 


268 

413 

- 

- 

279 

- 

225 

307 

820 

■ 

517 

87 

- 

231 

. 

139 


Company  0000840007 

tran6-1,2-Df-    1 ,2-Dichloro-     cis-1.3-Di-      tran8-1,3-Di- 

Dibromo- 

Trichloro- 

Oibromo- 

Tribromo- 

1,1,2-Tri- 

Cntr  |M-:  01  Prod            Daily  flow 

zhloroelhylane      propane     :Moropropyteni:hlorQpropyleni 

eihylene 

methane 

chloromethane 

melhane 

chloroethane 

T/aay         m3/day 

mg /Tonne         mg/lonne         ma/tonne         mg/lonne 

mp/tonne 

mp/tonne 

mp/lonne 

mg/tonne 

mq/(onn© 

Jan/90 

269 

18,129 

Feh^O 

284 

21,186 

Uar/90 

255 

19.140 

Apf/90 

287 

22.443 

May/90 

274 

22,661 

5,765 

83 

4.382 

58 

4.008 

77 

15.837 

77 

4.924 

- 

Company  0000940007  Trichloro-         Trifluoro-        Telrachloro-    1 ,1 .2,2-Telra-    Teirachloro-         Chloro-        1 ,2-Oichloro-    1 .3-.0ichloro-    1,4-OichlOfO- 
Cnirpt    01  Prod            Daily  (lew  ethylene        cMoian^ttian*        methane       chloroethane       ethylene  twnzen©  benzene  benzene  benzene 
T/day          m3/day          mg/lonne         mg/tonne         mg/tonne         mg/tonne         mg/lonne         mg/tonne         mg/tonne         mfl/tonne         mg/ionne 


Jan/90 

269 

19,129 

Feb/90 

284 

21,188 

M3f/90 

255 

19,140 

Apf/90 

267 

22.443 

May/90 

274 

22,661 

23 


TabU  ab,  Honh*log»r»>f  d  voUlll>»  (ATG17).  Norand*  Foreat  Inc.,  Recycled  Paptre.  (Date:  2-5-1981). 

Company  0000940007 

Cntr  pi,  01  Prod            Daily  flow  Siyrene  Benzene        m,p-Xylene        o-Xylene  Toluene 
T/flay          m3/day mg/tonne         mg/lonne         mg/tonne         mg/tonne         mg/tonne 


Date 

Jan/90 

269 

19.129 

FebflO 

284 

21.186 

Mar/90 

255 

19,140 

Apf/90 

267 

22,443 

May/80 

274 

22,661 

48 


21 


452 


183 


106 

56 

21 

364 

202 

21 

71 

74 

533 

192 

77 

- 

Table  9b.  Inorganic*  (ATG  3,  4,  S,  7  1,  15).  Noranda  ForatI  Inc. 

Recycled  Papers.  (Date 

2-5-19S1). 

Company  0000940007 

Cnlr.pt,:  01  Prod             Av     (low                   pH             Conducttvily      NH3  +  NH4 

N024^N03           Toi^-N 

Total -P 

Sulphide 

T/day           m3/day                                       ps/cm             fl/tonne 

g/lonne            g/tonne 

g/ionne 

g/tonne 

Date 

Jan/90 

269 

20,716 

Feb/90 

284 

20,963 

Mar/90 

255 

21.118 

Apf/90 

267 

21.206 

M8y/90 

274 

20,404 

Jun/90 

271 

22,989 

896 

«»e 

907 
803 

899 
938 


13 
7 
9 

21 

10 
18 


35 
40 
57 
84 
45 
55 


94 

80 
14B 
103 
184 


5 

6 

6 

13 

16 


Tabia  10b.  Group  and  unapeclfic  varlablaa  {ATG  1,  5,  B,  PP1-3).  Noranda  ForatI  Inc..  Recycled  Papara.  (Data:  2-5-1981). 

Company  0000940007 

Cnirpt    01  Prod  Av  flow  B0D5  AOX  COD  DOC  TOC  TSS  VSS 
T/day          m3/lonfw          Kg/tonne         Kg/tonne         KgAonne         Kg/tonne         KgAonne          Kg/tonne          Kg/tonne 


DOC/AOX        DOC/8O0 


Dale 

Jan/90 

269 

77 

79 

0  1 

. 

55 

. 

, 

37 

0  69 

Feb/SO 

284 

74 

7,2 

0  1 

- 

63 

. 

. 

43 

0.87 

Mar/go 

255 

83 

13.7 

0.1 

- 

7  1 

. 

. 

69 

0  52 

Apr/90 

267 

79 

14  8 

02 

- 

6  1 

- 

. 

31 

0.41 

May/90 

274 

75 

12  2 

1  5 

- 

63 

. 

. 

4 

0.51 

Jun/90 

271 

85 

15  6 

• 

83 

- 

- 

- 

0,53 
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Tab!*  3b.  Eiitfctabl*  b«»*  n»ulfl>  (ATC19).  Noranda  Far»tt  Inc..  R»cyol>d  P«p*rt.  (Dau:  t-5-1»1). 

Company:  0000940007  l-Mathyl-  2-M«fiyl-  i-Chtoro-  2-Chtoro-  B«nz|a]-  Dib«nz[a] 
Cnlr  pi  :  01  Prod  Daily  flow  Naphthalene  naphlhatene  naphthalene  naphltiatone  naphthalene  Anthrgwjene  anihrac«ne  anthracene 
T/day          m3/day mn/lonne         mg/tonne         mfl/ionrw         mp/tonne         mg/lonne         mgflonne         mg/lonne 


mn/<onne 


Date 

Jan/QO 

269 

19.129 

FetV90 

2S4 

21.188 

Uar/»0 

255 

19.140 

Apr/90 

2e7 

22.443 

May/H 

274 

22,661 

Company  0000940007  Phenan-  Acenaph-         Acenaph-       5-Nltro-ace-  Fluor-  Benz[bl-  Benzik) 
Cnlr  pt.;  01  Prod            Daily  flow           threne              ihene             ttiylone          naphlhene        Chrysene          anthene       fluoranthene    fluorar>thene       Fluorene 
T/day          m3/daY mQAonne         mg/tonne         mg/lonne         mg/lonne         mg/lonne         mg/lor^ne         mg/lonne         mg/lonng         mg/tonne 


Date 

Jan/90 

269 

19.129 

- 

Feb/90 

264 

21,186 

. 

Mar/90 

255 

19,140 

. 

Apr/90 

267 

22,443 

118 

May /go 

274 

22,661 

83 

123 


Company  0000940007  B«nz[al-     idenofl  ,2,3-ca  Beni(g,h,il- 

Cntr  pi    01  Prod            Daily  flow  Pyrene  pyrene  pyrene  Perylene  perylene  Indole  Camphene 
T/day          mS/day mg/lonne         mg/ionne         mg/lonne         mg/lonne         mg/tonne         mgAonne         mg/lonne 


Dale 

Jan/90 

289 

19,129 

Feb/90 

264 

21.188 

Mar/90 

255 

19,140 

Apr/90 

267 

22,443 

May/90 

274 

22.661 

Table  4b.  Acidic  exiractafalee  (ATG201.  Noranda  Foreat  Inc..  Recycled  Papere.  (Date:  25-1991). 
Company  0000940007  4-Chloro- 
Cnir.pl    01  Prod            Daily  How           Phenol            m-CresoJ          o-CresoI           p-Cfesol         2,4-j(ylenol         m-cresol 
T/day          m3/clay          mg/ionne         mg/tonne         mg/lonne         mg/lonne         mg/lonne         mg/tonne 


Data 

Jan/90 

269 

19,129 

Feb/90 

264 

21.188 

Mar/90 

255 

19,140 

Apr/90 

267 

22.443 

May/90 

274 

24.118 

2-Chloro-       2,4-Dichlofo- 

phenol  phenol 

mg/lonne         mg/lonne 


Company  0000940007  2.6-Dichlofo-       2,3.4-Tri-  2,3,5-Tri-         2,4,5-Tri-         2,4.6-Tfi-      2.3,4, 5-Teira- 2.3.4. 6-Telra- 2.3,5,6-Terra-        Penta- 
Cntr.pl. .  01  Prod            Daily  flow            phenol        chlorophenol    chlorophenol    chlorophenol    chlorophenol    chlorophend    chlorophenol    chlorophenol    chlorophenol 
T/day          m3/day          mg/tonne         mg/tonne         mg/lonne         mg/lonne         mg/tonne         mg/lonne         mg/lonne         mg/lonne         mg/lonne 


Dale 

Jan/go 

269 

19,129 

Feb/go 

284 

21,188 

Mar/90 

255 

19,140 

Apr/90 

267 

22,443 

May/90 

274 

24,118 

Company  CXX}0940007 

4-Nilro- 

2.4-Dinliro- 

4,6-Dinilro- 

Cnlr  pi .  01  Prod            Daily  Iknv 

pherx)l 

phenol 

o-cresol 

T/day          m3/dav 

mg/lonrw 

mg/lonne 

mg/lonne 

Dale 

Jan/90 

269 

19.129 

FebWJ 

264 

21.186 

Mar/90 

255 

19.140 

Apr/90 

267 

22,443 

May/90 

274 

24,118 

3l3t  May  1991 
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Tabit  5b.  Chlorlnifd,  n»ulr*l»  {ATG[23).  Wor«nd«  FofI  Inc..  H»cycUd  Pap»r».  (P>t>:  2-5-18B1). 

Company  0000940007  Henachloro-  Hexachloftv  Hexachloro-  l,2,3-Trichlorol,2,4-Trichloro?,4,5-Trich(oro-1.2.3,4-T8lra-  1,2,3,5-Teira- 
Cnir  pi  01  ProtJ  Oai(y  Itow  ethare  buladiene  yclopsnladien  beniene  benzene  toluene  Dhlorobenzene^filorobonzene 
T/day          mS/day          mfl/tonne         mg/tonne         mg/lanne         mg/lonne         mfl/lonne         mg/tonna         mg/lonne         mg/lonne 


Date 

Jan/90 

269 

19,129 

Feb/90 

264 

21.188 

Uar/90 

255 

19.140 

Apf/90 

267 

22,443 

May/90 

274 

22,661 

02 


11  8 

0  1 

0.5 

- 

108 

0.1 

0.4 

- 

6  1 

- 

- 

- 

25  7 

. 

0.2 

1.0 

31  3 

- 

. 

0.3 

Company  0000940007 

1.2,«.3-T*>a- 

Pmti- 

H«]<|- 

Ociachlofo- 

Cnir.pl    01  Prod            Dajly  llow 

chkHotwnian* 

chltnotrnmart* 

dileiobtnimf* 

slyrene 

T/da/          m3/dav 

mg/lofine 

mfl/tonno 

mgAonrve 

mgAonne 

Dale 

Jan/90 

269 

19.129 

Feb/90 

284 

21.168 

Mar/90 

255 

19,140 

Apr/90 

267 

22,443 

May/90 

274 

22.681 

Table  »b,  Chtorm«ted  dloatne,  dlbeniolurenee  end  PCB'e  (*TG(a3).  Noranda  Foreel  Inc.,  Raeycled  Pepere.  (Pete:  2-5-1991] 
Company  0000940007                              2.3,7,8-               Total                  TolaJ                  Total                  Total  ToiaJ                  Total                  Total 
Cnir  PI    01  Prod             Daily  flow             TCOD                TCOD                TCDF                 PCDD                 PCOF  HxCOD              HxCDF               HpCDO 
T/day          m3/dav           pgtonna pgionne           tiglonna           uglonne           tjgtonne  tjpionne           pgionne           gglonne 


pglor 


Dale 

Jan/90 

269 

18,286 

Feb/90 

284 

19,837 

Mar/90 

255 

19,140 

Apr/90 

267 

22.443 

May/90 

274 

22.661 

00 


5  1 


Company  0000940007 

Total 

Total 

Cntr  pt    01  Prod            Daily  llow 

HpCDF 

OCDD 

OCDF 

pea's 

T/dav          m3/day 

ug/lonne 

yg/tonne 

ug/lonne 

tjg/lonne 

Data 

Jan/90 

269 

18,286 

Feb/90 

284 

19,837 

Mar/90 

255 

19.140 

Apf/90 

267 

22.443 

May/90 

274 

22,661 

5,1 


30  6 

00 


Table  7b,  Fatly  and  reeln  acldi  (ATC  26).  Nofanda  Foren  Inc..  Recycled  Papera.  (Date:  2-5-1991). 

Company  0000940007                             Oleic              Pimanc             Abiellc            Dehydro-         Isopimaric      Levopimaric      Neoabietic    Dhlorodehydro- 
Cntr  pi    01  Prod           Daily  (low            acid                acid                acid          ableiic  acid           acid                acid  acid  abietic  acid 
T/day          m3/day g/ionne g/lonne g/lonne fl/tonna g/lonne g/tonne g/tonne 


Dais 

Jan/90 

269 

19,129 

FBb/90 

284 

21,188 

Mar/90 

255 

19,140 

Apr/90 

267 

22,443 

May/90 

274 

22,661 

g/lonne 


1  2 


30  8 
22  1 
39  0 
50  8 
48  4 


Company  0000940007                    Dichlofodehydrr 

Total  resin 

Total  resin 

Total  resm 

Cntr  pi    01  Prod              Daily  Itow      abteic  acid 

acids 

acids 

acids 

T/day              m3/day           gAorne 

g/tonne 

Kg/day 

<mq/\> 

Dale 

Jan/90 

269 

19,129 

FeW90 

284 

21,188 

Mar/go 

255 

19,140 

Apr/90 

267 

22,443 

May/90 

274 

22,661 

30,8 

8  3 

04 

22.1 

63 

0  3 

39.0 

99 

0  5 

50.  S 

13  6 

06 

40.4 

13  3 

0  6 

Values  tor  dehydroabielic  ac«)  and  dichlorodehydroabietic  acid  are  monthly  averages 
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TabI*  lb.  M«lal«  {ATG  0  Il12) 

Noranda  Foraal  Inc. 

Raovolad  Papara.  (Data 

2-S-1B01). 

Company 

00O094OOC  Prod              Duly  flow 

Bsrylium         Aluminium 

Copper               Zinc 

Chromium 

Nickel 

Motybdanum 

Cobalt 

T/dav             m3/dav 

g/lonna           a  Aon  n  a 

g/lonne           o/ionna 

g/ionn« 

g/ionne 

g/tonne 

fl/ionne 

Date 

Jan/90 

269 

19,129 

FBb/90 

264 

21,166 

Mar/90 

255 

19.140 

Apr/90 

267 

22.443 

May>90 

274 

22,661 

Jun/90 

271 

22,426 

1.65 


304 

10 

4.1 

12 

05 

- 

447 

0.7 

8.9 

1.0 

0.5 

- 

504 

1.0 

80 

1.S 

0.6 

- 

874 

2.3 

68 

- 

■ 

- 

1B6 

- 

4  9 

1.2 

03 

04 

494 

1.7 

13  0 

15  0 

0  7 

0  7 

06 


Company 

000O94OOC  Prod 

Daily  llow 

Vanadium 

Silver 

Lead 

Cadmium 

Thallium 

Mercury 

T/day 

m3/day 

g/tonne 

g/tonne 

g/tonne 

g/tonne 

g/tonne 

g/tonne 

Dale 

Jan/90 

269 

19,129 

Feb/90 

2B4 

21,166 

Mar/go 

255 

19,140 

Apr/90 

267 

22,443 

May/90 

274 

22.661 

Jun/90 

271 

22,426 

0  7 
0.5 
06 


09 


0.3 

0.03 

0.1 

0.05 

0.2 

0.03 

1,5 

0.23 

3  3 

. 

001 

0.01 


Values  tor  aluminium  and  2ink  are  monihly  averages. 
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Average  flow.  Production  and  Conductivity  data  from  Noranda  Forest  Inc.,  Recycled  Papers. 
Control  point  0100  (17-5-1991). 
m3/day      Vday  ps/cm 

30000    -r  1500  ,_  400O 


25000  -j 
20000 

15000  - 

10000  --I500 

5000  - 


0 


\ — ■ ^ TTT ^  )     ' Lj tcLsi. — 


'        \\         -^        '-,- 


-3000 


-  2000 


-  1000 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


DOC  and  BODS  data  from  Noranda  Forest  Inc.,  Recycled  Papers, 
Control  point  0100  117-5-1991). 


kg/tonne 
25  -, 


20  - 
15  - 
10  - 

5  - 
0  - 


-%■  ■;    -J  .      ■    ■    -    ■  '..      - 

J 


—  Average  flow 

"  -  Conductivity 

—  Production 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 
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TBbl»  lb.  H«lo9»n«Ud  volallU*  (ATGie).  KlmbTlyClnfc  Canada  Inc.  (Bl  C«lh«rln«»).  {0»l>:  2B-4-l»»1). 

Company:  0000e3020«  Chloro-  Chloro-  Bfomo-  Bromodl-         Dichloro-       1,1-Dlchloro-   1 ,2-Dichtoro-    i.l-Dtchtoro- 
Cnlr.pt.:  01  Prod           Daily  flow         metharte         eihylsns          methane     shlofomeihane     methane  ethane  ethane  ethylene 
T/day          m3/day          mg/tonne         mg/ionne         mg/lonne         mfl/lonne         mg/lonne         mg/tonne         mg/lonne         mg/tonne 


Jan/90 

101 

9.320 

Feb/BO 

113 

7,200 

Mar/SO 

107 

S.530 

Apf/SO 

113 

7.170 

May/90 

102 

7.422 

Jun/90 

114 

7,840 

0 

0 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

Company  0OOOB3O2O8 

tran8-1.2-DI-    1 .2-Dichloro-     d«-l.3-0i-      lfani-l,3-0i- 

Dibromo- 

Trichlofo- 

Dibromo- 

Tnbromo- 

1,1.2-Tfi- 

Cnirpt .  01  Prod            Dally  IIcm 

^loroethylene      propane     :hloropropyleni:hloropropytoni 

•Ihylene 

meihane 

::fil  or  D  methane 

methane 

chloroethane 

T/day         mS/dav 

mti/ionne         mg/tonne         ma/tonne         mo/lonne 

mg/tonne 

mg/ionne 

mg/tonne 

mg/lonna 

mfl/tonne 

Jan/90 

101 

9.320 

FebW) 

113 

7,200 

Mar/QO 

107 

8,530 

Apr/90 

113 

7.170 

May/90 

102 

7,422 

Jijn/90 

114 

7,640 

Company:  0000830208  Trichloro-         Tritluoro-        Tetrachioro-   1,1,2,2-Teifa-   Tetrachloro-         Chloro-        1,2-Dlchloro-    1,3-Dichloro-    1 .4-Dichloro- 
Cmr  pt    01  Prod            Daily  flow  ethylene        cNaani*ihitn*         methane       chloroethane       eihylene  benzene  benzene  benzene  benzene 
T/day          m3/day          mg/lonne         mij/lonne         mg/tonne         mg/tonne         mg/lonne         rngflonne         mg/tonne         mg/tonne         mg.^onn6 


Jan/90 

101 

9.320 

Peb«0 

113 

7.200 

Mar/90 

107 

8.530 

Apr/90 

113 

7.170 

May/90 

102 

7.422 

Jun/90 

114 

7,840 

Tabia  2b.  Nonhaloganaiad  volaillea  (ATG17).  KImbaTly-Clark  Canada  Inc.  (St  Calherlnae).  fPate:  2»-4-1991). 

Company  0000830208 


Cnir.tH    01  Prod 

Daily 

tlow 

Siyrena 

Benzene 

m.p- Xylene 

0- Xylene 

Toluene 

T/day 

m3/dav 

mg/tonne 

ma/tonne 

mq/ionr>e 

mflrtonne 

mg/lonrw 

Date 

Jan/90 

101 

9,320 

■- 

6 

0 

0 

F»b/90 

113 

7.200 

- 

- 

0 

, 

0 

Mar/90 

107 

8,530 

- 

^ 

0 

0 

0 

Apr/90 

113 

7,170 

- 

- 

0 

0 

0 

May/90 

102 

7,422 

■ 

- 

0 

. 

0 

Jun/90 

114 

7.640 

0 

n 

0 

Table  9b.  Inorganlca  (ATG  3.  4,  S,  7  I.  15).  Kimberly-Clark  Canada  Inc.  (SI  Calhartnaa).  (Dale:  29-4-1991). 
Company:  0000830208 

Cnirpt    01  Prod            Av    (low                 pH            Conduaivity      NH3  +  NH4        N02+N03          Total-N             Total-P           Sulphide 
T/day  m3/day |is/cm g/tonne g /tonne gflonne g/ionne g/tonne 


Date 

Jan/go 

101 

8.340 

Feb90 

113 

6,061 

Mar/90 

107 

7.745 

Apr/90 

113 

6.456 

May /go 

102 

7,422 

Jun/90 

114 

7,608 

6  8 
66 
6  5 
6  4 
6  2 
6  5 


4S2 
463 
398 
408 
396 
360 


6 

13 

6 

7 
4 
7 


25 
11 

11 

9 

11 

ID 


149 
179 
290 
128 
73 
200 


10 
7 

10 
5 

45 

13 


Table  10b.  Group  and  unapaclllc  varlablaa  (ATG  1.  5.  8.  PPI-J).  Kimberly-Clark  Canada  Inc.  (8l  Calherlnea).  (Dale:  28-4-1991). 
Company  0000630208 

Cntr  01    01  Prod.           Av  Itow               BOD5                AOX                 COO                 DOC                 TOC                 TSS                 VSS             C0D/80D 
T/day  m3/tonne  Kg/tonns  Kgflonne         Kg/lonne  Kg/lonne         Kgflonne  Kg/tonne         Kg/lonne ^^ 


Date 

Jan/90 

101 

Fab«0 

113 

Mar/90 

107 

Apr/90 

113 

May/90 

102 

Jun/90 

114 

31al  May  1991 

83 

72 
72 
57 

73 
67 


1  8 

1  9 

2  5 

2  9 
39 

3  6 


4.8 
7.5 
SO 
9.1 
11  6 
10.8 


07 
0.4 
0  7 
0  5 
0  5 
0  5 


2.6 

3.9 
32 

3.1 
3.0 

30 
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T»bl«  3b.  EiHr»cfbt«  b«««  i»mrBt»  (ATG18).  KImbaily-Clark  Canada  Inc.  (81  C«lh»rln*»).  (Daf:  28-4-1881). 

Company  000Ca30208  1-MoChyl-  Z-M«hyl-  1-Chloro-  2-Chtora-  Benzfa)-  Dibenz[al 
Cntf  pt.:  01  Prod  Daity  Hom  Naphthalene  naphthalene  naphlhaksne  naphthalene  naphthalens  Anthracene  anthracene  anthracene 
T/day          ma/day mg/tonne         mgAonne         mg/tonne         mg/tonne         mg/lonne         mg/tonne         mg/tonne         mg/tonne 


Date 

Jan^O 

101 

9.320 

Feb/90 

113 

7,200 

Mar/90 

107 

8,530 

Apr/90 

113 

7,170 

May/90 

102 

7,422 

Jun/90 

114 

7,840 

Company  0000830208  Phenan-  Acenaph-         Acsnaph-       S-Nitro-ace-  Fluor-  Benztbl-  Beni[kJ 
Cntrpt.:  01  Prod            Daily  flow            threne              thene             thylane          naphthene        Chrysene          anthene        Muoranihene    fluoranthene       Fluorene 
T/day          m3/day mg/ionne         mg/lonne         mg/lonne         mg/lonne         mg/tonne         mg/lonne         mg/ionne         mg/tonrie         mgAonne 


Date 

Jan/90 

101 

9,320 

FetvSO 

113 

7,200 

Uar/90 

107 

8,530 

Apr/90 

113 

7.170 

May/90 

102 

7.422 

Jun/90 

114 

7,840 

Company  0000830208 

Benz[a]- 

ideno[l  ,2,3-cd 

Benz[g,h,t]- 

Cnlr.pt  :01  Prod            Daily  llow 

Pyrene 

pyrene 

pyrene 

Perytena 

perylene 

Indole 

Camphene 

T/day          m3/dav 

mg/tonne 

mg/tonr>e 

mg/tonne 

mg/tonne 

mg/tonne 

mg/tonrw 

mg/tonne 

Date 

Jan/90 

101 

9,320 

Feb«0 

113 

7,200 

Mar/90 

107 

8.530 

Apr/90 

113 

7,170 

May/90 

102 

7,422 

Jun/90 

114 

7,840 

T«bt»  4b.  Acidic  >Klracf  br«»  {ATG20).  KtmbTly-Ciartt  Canada  Inc.  (St  Caiherlnea).  (Date:  29-4-1881). 

Company  0000830208  4-Chtoro-         2-Chloro-      2,4-Dichtaro- 
Cnii  pt    01  Prod            Daily  How           Phenol            m-Creso!          o-Cresol           p-Cresol         2,4-xylenol        m-cresol  phenol  phenol 
T/day          m3/day          mg/ionne         mg/lonne         mg/tonrw         mg/tonne         mg/tonne         mg/tonne         mg/lonne 


IflflC 


Date 

Jan/90 

101 

9,320 

- 

. 

, 

, 

Feb/90 

113 

7,200 

0 

- 

. 

. 

Mar/90 

107 

8,530 

0 

. 

. 

. 

Apr/90 

113 

7.170 

0 

- 

. 

. 

May/90 

102 

7.422 

0 

- 

. 

. 

Jun/90 

114 

7,640 

0 

- 

- 

0 

Company  0000830206 
Cnif  pi..  01  Prod  Daily  flow 
T/day  m3/aay 


Date 

Jan/90 

101 

9,320 

Feb/90 

113 

7,200 

Mar/90 

107 

6,530 

Apr/90 

113 

7.170 

May/90 

102 

7,422 

Jun/90 

114 

7,840 

2,6-Dichloro-       2.3.4.Tn-  2,3,5-Tri-  2,4,5-Tn-         2.4,6-Tn-      2,3,4, 5-Telra-  2,3,4,6-Telra-  2,3,5,6-Tetra-        Penia- 

phenol        chlorophenol    chloropherol    chlorophenol   chiorophenol    chlorophenol   <rfilorDphenol    chiorophenot    chlorophenol 
mg/lonne         mg/ionne         mg/tonne         mg/tonne         mg/ionne         mg/tonne         mg/ionne         mg/tonne         mg/ionna 


Company  0000830208 

4-NltrD- 

2,4-Dinitro- 

4,6-Dinitro- 

Gntr  pt.   01  Prod             Daily  (tow 

phenol 

phenol 

o-cresol 

T/day          m3/day 

mg/tonne 

mg/tonne 

mg/lonr^ 

Dale 

Jan/90 

101 

9,320 

Feb/gO 

113 

7.200 

Mar/90 

107 

8.530 

Apr/90 

113 

7,170 

May/90 

102 

7.422 

Jun/90 

114 

7.S40 

3191  May  1991 
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Mil18 


N.McCiAfcinConBJtartakTC. 


BAT  Detinitton  Study.  Pub  and  Paper  Sedor 


TabU  5b.  Chlorln«f  d.  n*ulflB  {*TG[23).  Ktmb«rly-CI«Tk  Canada  Inc.  (61  C»lh>rln«a).  tD»t*:  29-4-1991). 

Company  0000830208  Heitachloro-  HsKachloro-  Hsxachloro-  1 ,2,3-Trichlorol ,2.4-Trichloro >.4.5-Trichloro- 1 .2.3.4-Teira-  l ,2,3.5-T8lfa- 
Cnlr  pt  01  Prod  Daily  flow  9than9  buladwne  yclopentadian  b«nz«n«  benzene  loluene  shiorobenzenechlorobenzene 
T/day          m3/day          mg/lonne         niflAonna         mgflonne         mg/lonne         mgAonne         mgAonne         ma/tonna         mg/tonne 


0.0 


Dale 

Jan/90 

101 

9,320 

Feb/90 

113 

7,200 

Mar/90 

107 

8,530 

Apr/go 

113 

7,170 

May/90 

102 

7,422 

Jun/90 

114 

7,840 

Company  0000B30206 

1. :,«,»- T*«a- 

PanB- 

H9tm- 

Ociachloro- 

Cnirpl    OlProd            Daily  flow 

ctikir»baniWM> 

dtliKotMniin* 

chkHobanian* 

styrena 

T/day          m3/day 

mg/tonne 

mq/tonne 

mg/tonne 

mg/tonne 

Date 

Jan/90 

101 

9.320 

Feb/90 

113 

7,200 

Mar/90 

107 

8,530 

Apr/90 

113 

7.170 

May/90 

102 

7.422 

Jun/90 

114 

7,840 

Table  »b.  Chlorinated  dtoKlna,  dlbenioluran»»  and  PCB'a  (ATG{23).  Kimberly-Clark  Canada  Inc.  (St  CatharlneaJ.  (Date:  29-4-1991] 
Company  0000830208                           2.3.7.8.              Tola!                Tola!                TotaJ                Total                 TotaJ                Total  Toial 
Cn1rpt.:01Pfod             Daily  flow             TCDD                TCDD                TCDF                 PCDD                 PCDF                HxCOD              HxCDF               HpCDO 
T/day          m3/day           ^jglonna ^Jglonna pglofina pfltonne pgtonne           ngtonne           pgtonne tjgionne 


Date 

j8n/90 

101 

9,320 

Mar/90 

107 

8,530 

May/90 

102 

7,422 

0.0 


Company  0000630208 

Total 

Total 

Cnir  pt    01  Prod            Daily  tlow 

HpCDF 

OCDD 

OCDF 

PCB* 

T/day          mS/day 

pg/lonn© 

UQ/1onrie 

UQ/tonne 

UQ/lonne 

Dale 

Jan/90 

101 

9,320 

Mar/90 

107 

8,530 

May/90 

102 

7,422 

0  0 
0.0 


Table  7b.  Fatty  and  reeln  sclda  (ATG  26). 

Klmberly-Oark  Canada  Inc.  (8t  Catherlnee).  (Date:  29-4-1991). 

Company  0000830208                             Oleic 

Pimanc             Abietic            Dehydro-         Isopimaric      Levopimaric      Neoabielic 

Dhlorodehydro- 

Cntr  pt    01  Prod            Daily  tkM             acid 

acid                acid          abietic  aod           acid                acid                acid 

abietic  acKj 

T/day          m3/bay           g/tonne 

g/lonne            [j/ionne            g/tonne            g/tonne            g/ionn©            g/lonne 

g/tortne 

Date 

Jan/90 

101 

9.320 

Feb/90 

113 

7200 

Mar/90 

107 

8,530 

Apf/90 

113 

7,170 

May/90 

102 

7,422 

Jun/90 

114 

7.840 

0  0 


0.0 
00 


oo 
oo 

00 


63 
03 
03 
76 
25  6 
0  7 


00 


0  0 


Company  00OOB302OB                    Oichlofodehydrc 

Total  resin 

Total  resir) 

TotaJ  resin 

Cnir  pt    OlProd            Daily  Ikw     abielicecid 

acids 

acids 

acids 

T/day              m3/day           g/ionne 

gAonne 

Kg/day 

<mg/l> 

Date 

Jan/90 

101 

9,320 

Feb/90 

113 

7,200 

Mar/90 

107 

8,530 

Apr/go 

113 

7,170 

May/90 

102 

7,422 

Jun/90 

114 

7,840 

63 

1 

0  07 

03 

0 

0  00 

0.3 

0 

000 

7  6 

1 

0  12 

256 

3 

0  35 

0  7 

0 

0  01 

Values  lor  dehydroabiaiic  acid  arKl  dichiorodehydroabieiic  acid  are  monthly  averages 
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Mill  IS 


N.  McCitbin  Con9itert9  Inc. 


BAT  DefinJIion  Study.  Pub  and  Paper  Sedor 


T»bU  eb.  M»UlB  [ATG  9  1,12).  KtmbTly-ClTh  Canada  Inc.  (SI  Calh«Tln»>).  tO»l«:   28-4-1891). 


Company 

0OOOe3O2C  Prod 

Daily  Ikw 

Berylium 

Aluminium 

Copper 

Zinc 

Chromium 

Nickel 

Molybdenum 

Cobali 

T/day 

m3/day 

g/lonna 

Q/lonne 

g/tonna 

g/tonne 

g/lonne 

flflonne 

g/ionne 

gAonne 

Dale 


Jan/90 

101 

9.320 

- 

6 

- 

6.4 

- 

00 

00 

Feb/90 

113 

7.200 

- 

9 

0.0 

357.7 

. 

0.0 

Mar/90 

107 

B.530 

- 

10 

0.0 

140 

- 

00 

. 

Apr/go 

113 

7.170 

- 

6 

0.0 

22S.5 

00 

- 

May/90 

102 

7,422 

- 

10 

0.0 

40.3 

00 

0  0 

. 

Jun/dO 

114 

7,840 

- 

7 

0.0 

68 

- 

0  0 

- 

Company 

00008302C  Prod 

Dsiy  flow 

Vanadium 

Silver 

Lead 

Cadmium 

Thallium 

Mercury 

T/day 

mS/day 

g/ionne 

g/lonne 

fl/lonne 

g/tonne 

fl/ionne 

g/lonns 

Date 

Jan/90 

101 

9.320 

- 

0.0 

. 

- 

- 

Feb/90 

113 

7.200 

- 

- 

0.0 

0.00 

0  00 

Maf/90 

107 

8.530 

00 

- 

- 

000 

. 

Apr/90 

113 

7,170 

- 

- 

. 

. 

- 

May/90 

102 

7.422 

0.0 

0,0 

0.00 

. 

Jun/90 

114 

7,840 

- 

- 

- 

Values  tor  «dumtnium  and  zink  are  monthly  averages. 
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MiUlS 


Average  flow.  Production  and  Conductivity  data  from  KImberiy-Clark  Canada  Inc.  (St  Catherines), 

Control  point  0100  (14-5-1991). 
m^/day      t/day  \is/cm 

10000    T  1500     .  r  4000 


-3000 


-2000 


-  1000 


1/JarV90      31/Jan/90      1/Mar/90     31/Mar/90    30/Apr/90     30/May/90    29/Jun/90 

TSS,  COD  and  BODS  data  from  Kimberly-Clark  Canada  Inc.  (St  Catherines), 

Control  point  0100  (14-5-1991). 
kg/tonne 
20  T 


16  - 

12  - 

8  - 

4  - 


0  - 


_.^»^>•- 


—  Average  flow 

--  Conductivity 

—  Production 


—  COD 
--  TSS 
■   BODS 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 


MILL  IS 


N,  MoCtiiJin  Consutarts  Inc. 


BAT  Delinilion  Sl^dv.  Pgb  and  Paper  Sedor 


Tabl«  1b.  H«log«i»l>d  volatif  <ATG16).  Klmb*rly-CI»rk  Canada  Lid.  {Hunfvlll*).  {DaU:  2>-4-1B91). 

Company.  0000630109  Chloro-  Chloro-  Bfomo-  Bromodi-  Dtchloro-       l.l-Dichtoro-    1,2-Dichtoro-    1.1-Dichloro- 
Cnirpl    01  Prod            Daly  flow          melhane          aihylene          methane     shioromethanfl      methane  eihane  ethane  ethylene 
T/day          m3/day          mg/lonne         mg/lonne         mg/lonno         mg/tonne         mg/tonne         mg/tonne         mg/tonne         mg/tonne 


Jan/90 

101 

457 

Feb/80 

99 

1.405 

Mar/90 

96 

573 

Apf/go 

106 

1.039 

58 


Company:  0000630109  trans-l .2-Di-  1 ,2-Dichlofo-  cis-1 ,3-Di-  trans-l ,3-Di-  Dibromo- 
Cnifpt  OlPfod  Daily  now  ::hlofo«thylene  propane  ^loropropylerKhloropropyieni  ethylene 
T/day          m3/day         mgrtonna         mg/lonne         mg/tonne         mfl/tonne         mg/ionne 


Trichtoro-  Dibromo-         Tribromo-  1 ,1 ,2-Tri- 

mslhane     =hloromeihane      methane       chloroeihane 
mg/lonne         mg/lonne         mg/tonne         mg/lonne 


Jan/90 

101 

457 

Feb/90 

99 

1,405 

Mar/90 

96 

573 

Apr/90 

106 

1,039 

43 

0 
0 

0 


Company;  0000830109  Trichtoro-         Tnduoro-        Tetrachloro-    1 .1 .2.2-Telra-    Teirachloro-         Chloro-        1 ,2-Dichloro-    1,3-Dichloro-    1.4-Dichloro- 
Cntr  p(    01  Prod            DsHy  (low  ethylene       •Ma.antthtn*        methane      chloroeihane      ethylene  benzene  benzene  benzene  benzene 
T/day          m3/day          mn/ionne         mg/tonne         mg/lonnc         mg/tonne         tng/tonne         mg/lonne         mg/lonne         mgAonne         mg/ionnc 


J  an/90 

101 

457 

Feb/90 

99 

1,405 

Mar/90 

96 

573 

Apf/90 

106 

1.039 

12 


Table  2b.  Nonhelogenaiad  »olalll«e  (ATG17).  Ktmbarly-Clarfc  Canada  Hd.  (Hunlavllle].  (Dale:  29-4-1991). 

Company  0000830109 

Cnupt    OlProd  Daily  tlow  Styrene  Benzene        m,p-Xylene        o-Xylene  Toluene 

T/day  m3/day mg/tonne         mg/lonne         mg/tonne         mg/lonne         mg/lonne 


Date 

Jan/90 

101                  457 

- 

. 

. 

, 

Feb/90 

99              1,405 

. 

. 

. 

, 

Mar/90 

96                  573 

. 

. 

_ 

, 

Apr/90 

106              1,039 

■ 

" 

• 

" 

Tabia  »b 

Ino 

ganica  {ATG  3,  4.  «.  7  1.  151 

Kimberly 

Clark  Canada  Ltd.  (Huntsvllle).  (Date 

29-4-1991). 

Company  0000830109 

Cnirpl    OlProd 

Av    (low                 pH            Conduarvjiy 

NH3*NH4 

N02+N03 

Tolal-N 

TolaJ-P           Sulphide 

T/day 

m3/day 

ps/cm 

g/tonne 

g/ionne 

g /tonne 

g/lonne            g/tonne 

Date 

Jan/30 

100                 868                     7  4 

486 

1 

1 

37 

2 

feb/90 

104                  858                     7  2 

505 

1 

1 

51 

2 

Mar/90 

91                  805                     7,2 

487 

1 

2 

55 

3 

Apr/90 

105                 984                     7  2 

479 

2 

1 

62 

3 

Table  10b.  Group  end  unapecKIc  varlablte  (ATG  1.  5.  a.  PP1-31.  Kimberly-Clark  Canada  Lid.  (HuntavtIU).  (Dale:  29-4-1 991  J. 

Company.  0000830109 

Cntr  pt    01  Prod  Av  Itow  BODS  AOX  COD  DOC  TOG 

T/day  m3/lonne  Kg/lonna  Kg/lonne  Kpflonne  Kg/tonne         Kg/tonne 


Date 

Jan/90 

100 

9 

002 

Febj«0 

104 

8 

0  02 

Mar/90 

91 

9 

003 

Apr/90 

105 

9 

003 

Kflrt 


TSS 

onne 


JSfl^ 


VSS  COD/BOD 

onne 


0.62 
0.60 
0.84 
6.H 


0.00 


0  04 
0  04 
005 
0,06 


38 
26 
20 
26 
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Mill  17 


N.  McCJ±<n  ContHJanlB  Inc. 


BAT  Detinilion  Siudv.  Pgfc)  and  Paper  Sedof 


T*bl»  3b.  Eilf»ct»bl>  batt  n«ulral»  (ATGIt).  Klmbtrty-CUrlt  Canada  Lid.  tHunUvlllt).  (DaU:  a>-4-1BB1). 

Company  00OOBM1O9  1-Usthyl-  2-Methyl-  l-Chtoro-  2-ChlDrD-  B«nz(a]-  Oibanz[a| 
Cntr.pl  :  01  Prod  Daihr  tkw  NapMthalana  naphthakena  napMtiatana  napfithalana  naphrhalsns  Anthracana  anthracene  anthracene 
T/day          m3/day mfl/tonna         mg/lonrw         mg/lonna         mpAonna         mg/lonna         mp/tonna         mg/lonna         mg/tonne 


Data 

Jan/90 

101 

457 

Fab/90 

9B 

1,405 

Mar/90 

96 

573 

Apr/W) 

ioe 

1.039 

Company:  D0OOB3O109 

Phenan- 

Acanaph- 

Acanaph- 

5-Nttro-ac8- 

Fluor- 

Benz[b]- 

Benz[k) 

Cnir.pt.:  01  Prod.          Daily  tkw 

threne 

Ihena 

Ihylene 

naphthene 

Chryssne 

anlhene 

tluoranthena 

fluoranthens 

Fluorene 

T/day          m3/day 

mflAonne 

mfl/ionne 

mgAonra 

mfl/tonne 

mg/tonna 

mg/tonne 

mg/lonne 

mg/tonne 

mq/tonne 

Data 

Jan/90 

101 

457 

Fab/90 

99 

1,40S 

I4tr«0 

90 

573 

ApfW) 

106 

1.039 

Company  0000630109 

Bsnz[a]- 

>deno[1 ,2.3-ccl 

Benz[B,h.i]. 

Cnlr  pi    01  Prod.           Daily  llow 

Pyrene 

pyrene 

pyrene 

Perylene 

perylene 

Indole 

Camphene 

T/day          m3/day 

mg/tonne 

mg/tonne 

mg/tonna 

mg/tonne 

mg/tonne 

mg/lonne 

mgAonne 

Date 

Jan/90 

101 

457 

Feb/BO 

98 

1.405 

Mv«G 

96 

573 

Apr/9p 

106 

1,039 

Table  4b.  Acldio  axtraolablee 

(ATG20). 

Klmbatlv-Clark  Canada  Lid.  (Huniavllla).  (Data:  29-4-1991). 

Company  0000630109 

4-Chloro- 

2-Chtoro- 

2.4-Oichloro- 

Cfitr  pi    01  Prod            Daily  flow 

Phenot 

m-Cresol          o-Cresol           p-Cresol         2.4-xylenol        m-cresol 

phenol 

phenol 

T/day          m3/day 

mg/tonne 

mg/ionne         mg/tonne         mg/lonne         mg/tonne         mg/tonna 

mg/ionne 

mg/ionne 

Dale 

Jan/90 

101 

457 

FBb/90 

99 

1,405 

Mar/so 

96 

573 

Apr/90 

106 

1.039 

Company:  0000630109 

2.6-Dichlofo- 

2.3,4-Tri- 

2,3,5-Tn- 

2,4,5-Tri- 

2,4,6-Tri-      2,3,4,5-Tetra-  2.3.4,6-Tetra- 

2,3,5,6-Tetra- 

Penia- 

Cntrpt :  01  Prod            Daily  flow 

phenol 

chlorophenol 

chlorophenoJ 

chlorophenoJ 

chlorophanol    chlorophenol    chlorophenol 

chlorophenol 

ct"  lorophenol 

T/day          m3/day 

mg/lonne 

mg/tonne 

mg/lonne 

mg/tonrw 

mg/ionne         mg/lonne         mg/tonne 

mg/lonne 

mqAonne 

Date 

Jan/90 

101 

457 

Feb/90 

99 

1,405 

Mar/90 

96 

573 

Apr/90 

106 

1.039 

Company:  0000630109 

4-Ni1ro- 

2,4-Diniiro- 

4,6-DinitfO- 

Cnir  pi .  01  Prod            Daily  Ikw 

phenol 

phenol 

o-cresol 

T/day          m3/dav 

mg/tonne 

mg/tonne 

mg/tonne 

Date 

Jan/90 

101 

457 

Fetv90 

99 

1.405 

Mar/90 

96 

573 

Apr/90 

106 

1,039 

3l8t  May  1991 
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Mill  17 


N.McCtitanConatitoftelr^ 


BAT  Definilion  Study.  Pub  and  Paper  Sedor 


Tibl»  5b.  Chiortnaf  d.  n«ulr«l»  (ATC{23).  KJmbTly-Crark  Canada  Lid.  (HunUvHU).  (Daf :  2a-4-1B81). 

Company  0000630109  Haiachtoro-  Hoxachloro.  Hexachloro-  1 ,2.3-Tnchlorol  .2.4.TricWofo!.4.5-TrichlofcH  ,2,3.4-Tetra-  1.2.3.5-Teira- 
Cmr  pt  01  Prod  Daily  tkMt  elhana  butadiene  yclopemadien  benzene  benzene  loluene  ::hlofoben2enschtOfobenzone 
T/day          mS/day         mg/lonne         maAonne         mgAonne         mg/lonne         mg/lonne         mg/lonne         mp/lonne         mg/ionne 


Date 

Jan/90 

101 

457 

FetV90 

99 

1,405 

MarySO 

96 

573 

Apr/»0 

106 

1.039 

000 


0.00 
000 


Company  0000630109 

1.2.«.S-TMa- 

Panb- 

H««- 

Octachloro- 

Cnlf  PI    01  Prod            Daily  now 

chlarDbH>i*n« 

chloratonian* 

diknobwiian* 

styrene 

T/day          m3/day 

mg/lonne 

mfl/ionne 

mg/lonne 

mgAonne 

Date 

Jan/90 

101 

457 

FBb/90 

99 

1,405 

Uar/90 

96 

573 

Apr/90 

106 

1.039 

Table  6b.  Chlorinated  dIoMlne.  dlbanzofuranaa  and  PCB'a  (ATG(23).  Klmfaarly-Clark  Canada  Ltd.  (HuntavUle).  (Dale:  29-4-1991). 

Company  0000630109                           2,3,7,8.              Tola)  Total  Totai  Total  Tola!  Total  Total 

Cntr  pi    01  Prod            Daily  flow            TCOD               TCOD  TCDF  PCOD 

T/day  m3/day ggtonne ^Jglonn9 tJB'onne  pfltonne 


Dale 

Jan/90 

101 

457 

Mar/90 

56 

573 

PCDF 

t^igtonne 


HxCDO 
tjgionne 


HxCDF 
pgionne 


HpCDD 
pglonne 


0.00 


000 


000 


Company  0000830109  Total  Tola! 
Cnir  pt  :  01  Prod  Daily  flow  HpCOF  OCDO  OCDF  PCS'* 
T/day          m3/day          ^Jg/lon^9          pg/lonne          ufl/tonne          tjg/lonne 


Dale 

Jan/90 

101 

457 

Mar/SO 

56 

573 

0.4a 

0.00 


Table  7b.  FaHy  and  raain  aclda  (ATG  28).  Kimberly-Clark  Canada  Hd.  [HunlevlHa).  (Dale:  29-4-1991). 


Company,  0000830109  Oleic  Pimaric  AbieHc 
Cnifpi    01  Prod            Dally  flow             acid                 acid  acid 
T/day          m3/day           g/tonne            g/lonne            g/tonne 


0000 


Oaie 

Jan/90 

101 

457 

Feb/go 

99 

1,405 

Mar/90 

96 

573 

Apr/90 

106 

1.039 

Dehydro- 

abiaiic  acid 

g/lonne 


Isopimaric 

acid 

g/tonne 


Levopi  mafic 

acid 

g/lonne 


Neoabietic 

acid 
fl/ionne 


ihlorodehydro- 

abietic  acid 

g/tonne 


0  043 
0  043 
0  101 
0.046 


Company  0000630109 

Dichlofodefiydrt 

ToiaJ  resin 

Taal  restn 

Cntr.pl  :  01  Prod 

Daily  Ikw      abieiic  acid 

adds 

acids 

T/day 

m3/day           glonne 

g/tonne 

Kg/day 

Date 

Jan/90 

101 

457 

Feb/90 

99 

1,405 

Uar/90 

96 

573 

Apr/go 

106 

1.039 

0,043 
0  043 
0  101 
0.046 


Total  resin 
acids 
<mg/l> 

0  010 
0  003 
0  017 
0  005 


0  004 
0  00* 
0010 
0005 


Values  tof  dehydnsabietic  acid  and  dichlorodetiydroabieiic  acid  are  monthly  averages 


31sl  May  1991 
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Mini? 


NiMBTriilttPffpnw^artalne. 


BAT  DeflnMbn  Study.  Pub  and  Paoar  Sector 


TibU  tb.  M«l«t»  (ATG  t  1.1 21.  KImbTly-CUrk  C«n>di  Lid.  (HunUvllU).  (DaU:  29-4-ia>1). 

Company 
00008301 C  Prod 
T/d«y 


Daily  flow        BwyKum        Aluminium          Coppaf  Zinc  Chromium  Nicksl        Uolybdsnum        Cobalt 

mj/day  fl/ionne fl/tonna  g/ionna g/lonna  p/lonne  p/ionna  g/tonna  g/tonna 


Dala 

Jan/90 

101 

457 

F8b/90 

99 

1,405 

Mar/BO 

96 

573 

Apr/80 

106 

1.039 

0 

- 

0.1 

0 

- 

0.2 

0 

0.0 

0.1 

1 

0.0 

0.1 

0.0 


Company 

00006301 C  Prod 

Daily  Ikw 

Vanadium 

Siher 

Laad 

Cadmium 

Thallium 

Mercury 

T/dav 

m3/d«y 

gAonne 

g/tonne 

g/tonna 

g/tonna 

fl/Ionne 

g/lonne 

Data 

Jan/90 

101 

457 

FetV90 

99 

1.405 

Mar/90 

96 

573 

Apr/90 

106 

1.039 

0.2 


O.00 


Values  tor  aluminium  and  zink  are  monthly  averagea 


3l8thtay  1991 


12S- 


MiB17 


Flow,  Production  and  Conductivity  data  from  Kimberly-Clark  C€inada  Ltd.  (Huntsville), 

Control  point  0100  (14-5-1991). 

m^/day     t/day  ps/cm 

2000  -r  1500  r  4000 


3000 


-2000 


-  1000 


-1 1 '-' 1 1* r 

1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS.  COD  and  B0D5  data  from  Kimberly-Clark  Canada  Ltd.  (Huntsville), 
Control  point  0100  (14-5-1991). 
kg/tonne 
10  -, 


8  - 


6  - 


4  - 


2  - 


0  - 


^A/J\M^MM^hf^^ 


—  Flow 


Conductivity 
Production 


1/Jan/90      31/Jan/90       1/Mar/90     31/Mar/90    30/Apr/90     30/May/90    29/Jun/90 
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Tabic  lb.  HalagvnRtad  volallUa  (ATG16) 

Trani  Vallay 

Papafboard  Induatrlaa  Corporation.  (Data:  15-5-1981). 

Company  0001750009                               Chloro- 

Chloro- 

Bfomo-           Bromodi-          Dichloro-       1,1-Dichlofo-    1.2-Oichloro- 

1 .1  -Oichtoro- 

Cntr  pt    01  Prod            Dairy  How          methane 

elhylene 

methane     ::hloromethanE      methane            ethane             ethane 

ethylene 

T/day          mS/day          mg/tonne 

mg/ionrw 

mgrtonno         mg/ionne         mgAonne         mg/lonne         mg/tonne 

mgrtonne 

Jan/SD 

314 

2,936 

Feb/90 

333 

3,765 

0 

Mar/so 

310 

4,303 

0 

Apr/90 

260 

2,919 

May/90 

273 

3.160 

0 

Jun/90 

300 

4,450 

. 

Company  0001750009 

tran8-1,2-Di-   1 ,2-Oichtoro- 

CiS-1,3-Di-      trans-1,3-Di- 

Dibromo- 

Trichtoro- 

Dibromo- 

Tribromo- 

1,1.Z-TrJ- 

Cntr.pi    01  Prod            Daily  Ikm 

:hloroethylene      propane 

:hloropropylen<:hloropropylen- 

ethylene 

methane 

:^hlo^ometha^e 

methane 

chioroethane 

T/day          m3/dav 

mg/tonne          mq/tonno 

mfl/1onr>Q          mg/tonrw 

ma/tonn© 

mg/lonno 

mfl/tonrte 

mg/tonr>e 

mq/tonna 

Jan/90 

314 

2,936 

reb/90 

333 

3,765 

Mar/90 

310 

4,303 

Apr/90 

260 

2,919 

May/90 

273 

3,160 

Jur/90 

300 

4,450 

Company  0001750009  Tnchlofo-         Tnlluoro-        Teirachloro-    1,1,2,2-Telra-    Tetrachloro-         Chloro-        1 ,2-Dichloro-    i  .3-Oichloro-    1 ,4-DJchloro- 
Cnlr  pt    01  Prod            Daily  tttw  ethylene       chi<xom*«h«M         methane       chloroelhane       eihylene  benzene  benzene  benzene  benzene 
T/day          m3/day          mg/ionr>e         mg/ionne         mg/tonne         mg/tonne         mfl/ionne         mg/tonne         mg/tonne         mg/lonne         mg/tonf>B 


Jan/go 

314 

2,936 

Feb/90 

333 

3,765 

Uar/90 

310 

4,303 

Apr/90 

260 

2,919 

May/90 

273 

3.160 

Jun/90 

300 

4,450 

Tabla  2b.  Horthaloganaiad  volatll»»  (ATG17).  Trant  Vall>y.  Pap»fbQTd  Induairlaa  Corporation.  (Data:  15-S-1BB1). 

Company  0001750009 

Cnir  pi    01  Prod            Daily  How  Styrene  Benzene        m.p-Xylene        o-Xylene  Toluene 
T/day          m3/day mg/ionne         mg/ionne         mg/ionne         mg/tonne         mg/tonne 

Dale 

Jan/90  314  2,936  0  0-00 
FBb/90               333              3,765                                                   0                         0                        0  0 

Feb/90               310              4,303                          -                          -                         0                         -  0 

Mar/90  260  2,919  0-000 
Apr/90  273  3.160  0-000 
May/90 3OT 4,450 ; 0 - - 0 


Tabla  »b.  Inorganica  (ATG  3,  4,  6.  7  »  15).  Trant  Vallay,  Paparboard  Induatrlaa  Corporation,  [Data 

15-5-1B91), 

Company  0001750009 

Cntr.pt    01  Prod             Av,    llow                   pH             Conduaivity      NH3  +  NH4         N02+N03            Tota(-N              Tolal-P 

Sulphide 

T/day            m3/dav                                            ps/cm               g/tonne             g/lonne             p/ionne             p/lonne 

gAonne 

Date 

Jan/90 

312 

3.274 

64 

S29 

0 

0 

40 

4 

- 

Feb/90 

297 

4.035 

66 

S12 

3 

4 

80 

5 

- 

Mar/so 

306 

3.349 

68 

971 

5 

2 

49 

7 

- 

Apr/90 

295 

3,664 

69 

930 

2 

4 

49 

2 

. 

May/90 

299 

3,801 

67 

737 

1 

0 

26 

2 

Jun/90 

320 

3.731 

63 

787 

0 

0 

43 

3 

Tabla  10b.  Group  and  unapaclfic  varlablaa  (ATG  1.  5,  8.  PP1-3).  Trant  Vallay.  Paparboard  Induatrlaa  Corporation,  (Data:  15-5-1991) 
Company  0001750009 

Cnlr.pt    01  Prod             Av   How                 BODS                 AOX                   COO  DOC                   TOC                   TSS                   VSS              COD/BOD 
T/day          m3/tonne          Kg/lonne         Kg/lonne          Kg/tonne         Kg/tonne         Kg/tonne          Kglonne          Kg/ionne 


Dale 

Jan/go 

312 

10 

5.1 

Feb/90 

297 

14 

5  1 

Mar/90 

306 

11 

49 

Apr/90 

295 

12 

4  9 

May/90 

299 

13 

51 

Jun/90 

320 

12 

5  1 

31st  May  1991 

12  1 

0.0 

It. 5 

0.0 

9  6 

0.0 

10.6 

- 

11  2 

- 

11  9 

1  9 

2  4 
1  1 
1  5 

1.5 
1  S 


24 
22 
2,0 
2.2 
22 
2  3 
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T«bl>  3b.  Exlficf  bl»  b«>»  n»u1ral»  (ATGiB).  Tr»m  V«ir»v.  P»p»rbo*rd  lodu»lrl««  Corporation.  (Daf:  15-$-19B1). 

Company.  0001750009  1-Methyl-  2-Metnyl-  l-Chtoro-  2-Chloro-  Benz[a]-  Dibenzla] 
Cnir.pt  01  Prod.  Daily  flow  Naphlhalene  naphrhalena  naphlhaiena  naphlhatena  naphthalene  Anthracene  anlhracene  anthracene 
T^^day m3/day mQ/lonna         mfl/tonne         mg/tonne         mg/lonne         mg/tonna         mg/tor'ne         mg/lQr>ne         mg^onne 


Date 

Jan/90 

314 

2.936 

FebflO 

333 

3,785 

Mar/90 

260 

2.919 

Apr/go 

273 

3,160 

May/90 

300 

4.450 

Jun/90 

338 

3,675 

Company  0001750009 

Phenan- 

Acenaph- 

Acenaph- 

5-Nitro-ac8- 

Fluor- 

Benz[b]- 

Benz[k] 

Cntr  pi  .  01  Prod           Daily  Dow 

Ihrene 

thene 

thylene 

naphlhene 

Oh  ry  sane 

anthene 

liuoranihene 

Huoranihene 

Fluorene 

T/day            m3/day 

mg/lonrw 

mg/ionn© 

mfl/tonne 

mg/lonrto 

ma/Ion  rw 

mn/tonne 

mfl/tonne 

mg/lonna 

mfl/tonne 

Dale 

Jan/90 

314 

2.936 

FetVSO 

333 

3,765 

Uar/90 

260 

2,919 

Apr/90 

273 

3.160 

May/90 

300 

4,450 

Jun/90 

336 

3.675 

Company  0001750009 

Benz[a)- 

ideno[l.2,3-cd 

Benz[g,h.i]- 

Cnir  pt    01  Prod            Daily  flow 

Pyrene 

pyrena 

pyrene 

Perylene 

perylene 

Indole 

Camphene 

T/day          m3/day 

ma/tonne 

mflrtonne 

mq/tonne 

mg/tonrw 

mq/tonne 

mg/tonne 

mgAonne 

Dale 

j8n/90 

314 

2,936 

Feb/90 

333 

3.765 

Maf/90 

260 

2,919 

Apr/90 

273 

3,160 

May/90 

300 

4,450 

Jun/90 

338 

3,675 

Table  4b.  Acidic  tKtraciablee  (ATG20).  TrenI  Valtay,  Paparboard  lndu>tfl««  Corporation.  (D»l»;  15-5-1flai). 

Company  0001750009  4-Chtoro-         2-Chk)ro-      2,4-Dichk)ro- 
Cntr  pi    01  Prod            Daily  tk)w           Phenol            m-Cresol          o-Cresol           p-Cresol         2,4-xylenol         m-cresol  phenol  phenol 
T/day          m3/dav         mg/tonne         mg/ionno         mg/tonrw         mg/lonna         mg/tonne         mg/tonne         mg/lonne         mg/ionrw 


Dale 

Jan/90 

314 

2,936 

Feb^O 

333 

3,785 

Mar/90 

260 

2,919 

Apf/90 

273 

3,160 

May/90 

300 

4,450 

Jun/90 

338 

3,675 

Company  0001750009 
Cnir  pt    01  Prod  Daily  Bow 
T/day  m3/day 


Dale 

Jan/90 

314 

2,936 

Feb/90 

333 

3,765 

Mat/90 

260 

2,919 

Apr/90 

273 

3,160 

May/90 

300 

4,450 

Jun/90 

338 

3,675 

2.6-Oichtoro-       2,3,4- Tri-         2.3,5-Tri-         2.4,5-Tri-         2,4.6-Tri-      2,3,4. S-Teira- 2,3,4, 6-Teira-  2,3,5,6.Telra-        Penta- 
phenol        chlorophenol    chlorophenol   chlofophenol    chlorophenol    chlorophenol    chlorophenol    chlorophenol    chlofophonol 
mg/tonne         mgAonne         mg/tonne         mg/lonne         mg/ionne         mg/lonne         m^/lonne         mg/lonne         mg/lonne 


Company  0001750009 

4-Nilro- 

2,4-Dinnro- 

4,8-Dinitro- 

Cnir  pt.  01  Prod            Daily  flow 

phenol 

phenot 

0- ere  sol 

T/day          m3/day 

mg/tonne 

mfl/tonne 

mg/tonne 

Date 

Jan/90 

314 

2.936 

Feb/90 

333 

3,765 

Mar/90 

260 

2.919 

Apr/90 

273 

3,160 

May/90 

300 

4,450 

Jiin/90 

338 

3,675 

31st  May  1991 
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TabU  5b.  Chlorlnafd.  n«utf>tt  (ATG(;3).  Tr«nt  V»IUy,  PaparboTd  lndmtfl»  Corportlton.  [Oaf:  15-5-1991) 

Company  0001750009  Hexachloro-  HQxachloro-  Heitachloro-  1 ,2,3-Trichloroi,2,4-TrK:hlofo?,4,5-Tfichloro  1.2.3,4-Teira-  1 ,2,3,5-Telfa- 
Cnir.pi  01  Prod  Daily  fkw  eirians  butadiene  yclopentadien  benzene  benzene  toluene  :hlorobenzene=hlorobenzene 
T/day          mS/day          mg/lonne  mg/lonne         mg/tonna         mg/lonne 


22^ 


ig/tc 


ig/lc 


Tfl/tC 


Date 

Jan/90 

314 

2.936 

Feb/90 

333 

3.765 

Maf/90 

260 

2,919 

Apr/90 

273 

3,160 

Mayj^O 

300 

4.^50 

Jun/90 

338 

3,675 

O.Q 

0.0 

00 
0.0 


Company  0001750009 

1,!.4.S.T«»». 

Panta- 

H«»«- 

Ociachloro- 

Cntr.pt    01  Prod            Daily  I\om 

ctiloiobanun* 

ch[(»Db*nI*ti* 

d>kiiob«nI*n* 

styrene 

T/dav         m3/dav 

ma/ionne 

mQ/tonne 

mfl/ionne 

mfl /tonne 

Dale 

Jan/90 

314 

2.936 

Feb/90 

333 

3.765 

Mar/90 

260 

2,919 

Apr/go 

273 

3.160 

May/90 

300 

4.450 

Jtjn/9D 

338 

3,675 

Table  «b.  Chlorlnaf  d  dioalna,  dtbanzoluranee  and  PCB'a  (ATG(23).  Tfnl  Vallay.  Paperboafd  Indualflea  Corporailon.  (Date:  15-5-1991). 

Company  0001750009                              2.3,7.8-               Toial                  Total                  Total  Total  Total  Total  Total 
Cnir  pi     01  Prod             Daily  flow             TCDD                TCOD                TCDF                 PCDD                 PCDF 
T/day          rn3/day pg  tonne pgionne pglonne pgtonne pgionne 


HxCDD 
onna 


Data 
Apr/90 


JiSl 


HxCDF 
onne 


JiSl 


HpCDO 
^J3lQnne 


273 


3,160 


Company  0001750009 

Total 

Total 

Cntrpt     01  Prod.            Daily  1  low 

HpCOF 

OCDO 

OCDF 

PCB^s 

T/day         m3/day 

pq/tonne 

pq/tonne 

UOflonne 

Ijq^onne 

Date 
Apr/90 


273 


3.160 


Table  7b.  Fatty  and  reatn  aclda  (ATG  26).  Trertt  Valley.  Papetbeard  Indualriaa  Corporailon.  (Date:  15-5-1961) 

Company  0001750009                             Oleic              Pimaric             Abietic            Dehydro-         Isopimanc       Levopimanc      Neoabletic    :;hlorodehydro- 
Cnti  pt ;  01  Prod            Daily  flow*             acid                 acid                 acid            abielic  acid  acid  acid  acid  abietic  acid 
T/day          m3/day           g/tonne g /tonne g /tonne g/ionne g/tonne 


JiilS 


g/ionne 


g/tonne 


Date 

Jan/90 

314 

2,936 

Feb/90 

333 

3,765 

Mar/90 

260 

2,919 

Apr/90 

273 

3,160 

May/90 

300 

4,450 

Jun/90 

336 

3.675 

0  0 


0,0 


0  0 


0.0 

13  1 

0.0 

0-0 

8.0 

0.D 

- 

1  0 

0  0 

0  0 

1  4 

0  0 

00 

24 

00 

00 

39  7 

00 

Company  01X11750009 

Dichlorodehydr( 

Total  res  in 

Total  resin 

Total  resin 

Cmr  pi    01  Prod 

Daily  llcMr      abieiic  acid 

acids 

acids 

acids 

T/day 

m3/day           g/ionne 

g/lonne 

Kg/day 

<:mg/!> 

Date 

Jan/90 

314 

2.936 

Feb/90 

333 

3,765 

Mar/90 

260 

2,919 

Apf/90 

273 

3,160 

May/90 

300 

4.450 

Jun/90 

338 

3,675 

1*1 

4 

!.« 

fl.O 

3 

0.71 

1  0 

0 

0.09 

1  4 

0 

0  12 

2  4 

1 

0  16 

39  7 

13 

3  66 

Values  lor  dehydroabietic  acKf  and  dichtorodehydfoabieiic  acid  are  monthly  averages 


OO 


0.0 


31  SI  May  1991 
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Tabia  Bb.  Mata 

a  (ATG  8  t12) 

Trant  Vallay,  Paparboard  Induairlaa  Corporation.  (Data:  15-S'1S91). 

Company 

Jan/so 

000I7500CPr{Xl 

Daily  fkM 

Jaf>/90          Aluminium          Copper               Zinc             Chromium            Nickel 

Molybdenum 

Cobalt 

T/dav 

m3/day 

g/lonrtB            o/ionne            gflonne            otonne            q/ionne            grtonne 

g/Ionne 

S/tonna 

Date 

Jan/90 

314 

2.936 

Feb/go 

333 

3.765 

Mar/9a 

£60 

2.919 

Apr/90 

273 

3,160 

May/90 

300 

4,450 

Jun/90 

338 

3,675 

58 

0.0 

1.4 

0,0 

00 

52 

0.0 

1.6 

0.0 

00 

49 

0.0 

4.4 

0.0 

00 

71 

o.o 

1.7 

0.0 

00 

31 

- 

13 

00 

0  0 

32 

00 

1  3 

0  0 


Company 

000l75OOCProd 

Dai^  flow 

Vanadium 

Silver 

Lead 

Cadmium 

ThalHum 

Mercury 

T/day 

m3/day 

flflOfino 

g/tonne 

flrtonne 

(]/1onna 

g/Ionna 

g/lonne 

Dale 

Jan/90 

314 

2.936 

0  0 

Feb/90 

333 

3.765 

00 

Mar;S0 

260 

2,919 

00 

Apr/90 

273 

3.160 

00 

May/90 

300 

4.450 

0  0 

Jun/90 

338 

3,675 

0.0 

0.00 

00 

000 

0.0 

0.00 

00 


000 


000 


Values  tor  aluminium  and  zink  are  monlhly  averages 


3131  May  1991 
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Average  flow.  Production  and  Conductivity  data  from  Trent  Valley,  Paperboard  Industries  Corporation, 

Control  point  0100  (17-5-1991). 
m-3/day     t/day  ps/cm 

5000   -r  1500  r  4000 


3000 


:?-.c^.->fr^r 


-2000 


-  1000 


1 ' 1 r r 

1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS,  COD  and  BOD  data  from  Trent  Valley,  Paperboard  Industries  Corporation, 
Control  point  0100  (17-5-1991). 
kg/tonne 

40    n 


30  - 


20  - 


10  - 


—  Average  flow 

" "  Conductivity 

—  Production 


—  COD 
--  TSS 
■   B0D5 


1/Jan/90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     3G/May/90    29/Jun/90 
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Tabit  lb.  Harogtnaf  d  voUtn»t  {ATG18).  Stralhcen*  P«pT  Company  (N«p»n>»).  (D«t«:  2-5-1891). 

Company  0001740000                            Chlwo-             CWoro-             Bromo-           Bfomodi-          Dichlofo  1.1-Dichtofo-    1 ,2-Dicfik)fO-    1.1-Dichloro- 
Cntr  pt    2C  Prod            Dairy  How          methane          ethylene          methane     :hlcxomolhanG      methane  ethane             ethane            ethylene 
T/day          ms/day          mg/lonne         mg/lonne         mg/tonne         mg/lonne         mg/tonne  mg/lonne         mg/lonne         mg/lonne 


Jen/90 

ISO 

3.154 

. 

Feiyao 

161 

3.965 

B13 

Mar/90 

205 

4, see 

Apr/90 

1B1 

4,628 

59 

May/90 

182 

4,541 

473 

Jun/90 

1S6 

3,530 

39 


264 

647 


37 

105 

75 


Company  0001740000  trans-1,2-Di-  1 .2-Dlchloro-  cis.1,3-Di-  trans-1,3Di-  Ditawno- 
Cnirpt  2CPfDd  Daily  llow  :hloroelhylene  propane  ;hloropropyleni:hlOfopropyleni  ethylene 
T/day           m3/dav  mg/lonne  mg/lonne  mg/lonne  mn/1onne  mg/lonna 


Trichloro- 
melhane 
mg/lonna 


Dibromo- 

shloromethane 

mp/lonna 


Tnbromo-  1,1,2-Tri- 

methane       chloroelhane 
mg/tonno  mq/lonno 


Jan/90 

180 

3,154 

Fob/90 

161 

3,965 

Mar/90 

205 

4,568 

Apf/90 

181 

4,628 

May/90 

182 

4.541 

J(jn/90 

156 

3.530 

67 
39 
53 

151 
249 


Company  0001740000  Tnchloro-         Tnlluofo^        Tatrachloro-    1 ,1 ,2,2-TBtra-   Telrachloro-         Chloro-        1.2-Dichtoro-    l,3-Dichk3ro-    1.4-Dichtoro- 
Cntrpt    2CPfod            Daily  I  low  ethylene       cMoomMhan.         methane       chloroethane       ethylene  benzene  benzene  benzene  beniena 
T/day          m3/dav          mg/lonne         mg/lonne         mflflonne         mg/lonne         mg/tonne         mgAonne         mg/tonne         mg/lonne         mg/tonne 


Jan/9a 

180 

3.154 

-- 

. 

FebffiO 

161 

3.965 

V 

. 

Mar/90 

205 

4.566 

. 

. 

Apr/90 

181 

4.628 

_ 

. 

May/90 

182 

4,541 

. 

, 

Jun/90 

156 

3,530 

Table  2b.  Nonhatoganated  volatile  (ATG17).  Stralhcona  Paper  Company  (Napan8«).  (Dale:  2-5-1991). 

Company  0001740000 

Cntrpt    2C  Prod.           Daily  flow  Siyrene  Benzene        m,p-Xylene        o-Xylene  Toluene 
T/day          m3/day mg/lonne         mg/lonne         mg/lonne         mg/tonne         mg/tonne 


Dale 

Jan/90 

180 

3.154 

Feb/90 

161 

3,965 

Mar/90 

205 

4.568 

Apr/90 

161 

4,628 

May/90 

182 

4,541 

Jun/90 

156 

3,530 

10 


11 

9 


105 

es 

10 
56 

12 

10 


Tabia  9b.  Inorganica  (ATG  3.  4,  8.  7  t  15).  Slralhccna  Papar  Company  (Napanee).  (Data:  2-5-1991). 
Company  0001740000 

Cnir.pl     2CPfod             Av    flow                   pH             Conduaivity      NM3+NH4         N02tN03            Toial-N  ToiaJ-P 
T/day          m3/day ps/cm g /tonne g/lonne g/lonne g /tonne 


Dale 

Jan/90 
Feb/90 
Mar/90 
Apr/90 
May/90 
Jun/90 


164 
171 
188 
182 
182 
174 


3,392 
3,655 
3,864 
4,488 
3,928 
3,609 


72 
68 
6,6 

6  7 

7  4 
73 


700 
681 
659 
636 
697 
727 


23 
15 
3 
4 
28 
29 


177 
235 
246 
179 
247 
245 


6 

9 
12 

10 
11 
11 


Sulphide 
fl/tonne 


Table  10b.  Group  and  unepecHic  varrables  (ATG  1.  5.  6.  PP1-3).  Stralhcona  Paper  Company  (Napanae).  [Dale:  2-5-1991). 

Company  0001740000  

Cnir  pi     2C  Prod  Av   llow  BODS  AOX  COD  DOC  TOC  TSS 

T/day  m3/lonne  Kg/lonne         Kg/tonne  Kg/ionne         Kg/lonna  Kg/tonne  Kg/lonne 


Dale 

Jan/go 

164 

21 

3  1 

FBb/90 

171 

21 

4  g 

Mar/90 

168 

21 

5  8 

Apf/90 

162 

25 

4  5 

May/90 

162 

22 

1  7 

Jun/90 

174 

21 

0.9 

3131  May  1991 

vss 

Kg/lonne 


COD/BOD 


8  2 

13  8 

152 

158 

82 

6  5 


0  8 

0  7 

2  7 

1.0 

1  2 

2  8 

1.2 

1,5 

26 

1.6 

1.7 

3  5 

1  5 

1  2 

4  9 

1  6 

1  0 

6  9 
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T»bU  3b.  E«tr»ct»bl>  ba»»  nautra It  (ATG19).  Stralhcona  P«p>f  Company  (Nap«n«»).  (Dai>:  2-5-1flB1). 

Company  0001 740000  1  -Maihyl-         2-M«hyl-  1  -Chtoro-         2  Cfitoro-  Benz[fll-  Diben2[a] 

Cnlr.pt    2C  Prod.  Daily  fkjw       Naphlhalena    naphthalene    naphthalene    naphthalene    naphthalene     Anthracene      anthracene      anthracene 

T/day m3/day mg/lonne         mg/toniw         mg/tonrw         mg/lonne         mg/tonne         mg/ionne         mg/lor^ne         mg/lonne 


Dale 

Jan/90 

160 

3.154 

Fab/90 

161 

3.965 

Mar/90 

205 

4,568 

Apr/90 

181 

4.628 

May/9Q 

182 

4.541 

Jun/90 

ise 

3,530 

Company  0001740000 

Phenan- 

Acenaph- 

Acenaph- 

5-Nitro-ace- 

Fluor- 

Benz(b)- 

Benz[k) 

Cnlr  pi    2C  Prod            Daily  flow 

threne 

thene 

thylene 

naphlhene 

Chryserte 

anlhene 

tluoranthene 

tluoranthene 

Fluorene 

T/dav          m3/dav 

m  a/ton  r)e 

ma /tonne 

mfl/ionne 

mfl/tonne 

mg/lonne 

mg/tonne 

mg/tonne 

mo/tonne 

mg/Ionna 

Dale 

Jan/90 

180 

3.154 

Feb/90 

161 

3.965 

Mar/90 

205 

4,568 

Apr/90 

161 

4.628 

May/90 

162 

4,541 

Jun/90 

156 

3.530 

Company  0001740000 

Ben2[a]- 

idano(l.2.3-cd 

Benz[g.h.i]- 

Cntr  pi    2C  Prod            Daily  now 

Pyrene 

pyrene 

pyrene 

Peryiene 

perylerw 

Indole 

Camphene 

T/day          m3/dav 

mg/tonne 

mg/tonne 

mg/1onr>e 

mg/ionne 

mg/tonrw 

mg/tonne 

mg/lonna 

Date 

Jan/90 

180 

3,154 

F8b/90 

161 

3.965 

Mar/90 

205 

4,568 

Apr/90 

181 

4.626 

May /go 

182 

4,541 

Jun/90 

156 

3,530 

43 


91 


Table  4b.  Acidic  exlractablaa 

(ATG20].  Strathcona 

Paper  Companv  [Napanea 

.  (Data:  2-5 

1991). 

Company  0001740000 

4-Chloro- 

2-Chlofo- 

2,4-Dichloro- 

Cnir  pt.   2C  Prod             Daily  How 

Phenol          m-Cresd 

o-Cresol           p-Cresol 

2.4-xylenoi 

m-cresol 

phenol 

pherral 

T/day         m3/dav 

mq/tonne         mg/lonrw 

mg/lonne         mg/tonne 

mg/tonne 

mg/lonne 

mg/lonne 

mg/lonr» 

Dale 

Jan/90 

180 

3,154 

152 

137 

Feb/90 

161 

3.965 

640 

197 

Mar/90 

205 

4,568 

490 

203 

Apr/90 

181 

4,628 

588 

95 

May/90 

182 

4,541 

167 

Jun/90 

156 

3,530 

63 

- 

16 


456 

1,601 
824 
435 
946 
235 


Company  0001740000 

2,6-Dichloro- 

2,3,4-Tri- 

2.3.5-Tri- 

2.4.5-Tri- 

2.4.6-Tri-      2.3,4. 5.Telra-  2,3,4 ,6-Tetra-  2,3,5,6-Teira- 

Penta- 

Cnir  pi    2C  Pfod            Daily  llow 

phenol 

chloro  phenol 

chlorophenol 

ctiloropheno) 

cWorophenol    chlorophenol    chlorophenol    chlorophenoi 

chlorophenol 

T/day          m3/day 

mg/lonne 

mg/ionrw 

mg/tonne 

mq/tonne 

mg/tonne         mgjlonr»e         mg/ionrw         mg/tonrw 

mq/tonne 

Date 

Jan/90 

180 

3.154 

Feb/90 

161 

3.965 

Mar/90 

205 

4,568 

Apr/90 

181 

4.628 

May/90 

182 

4,541 

Jun/90 

156 

3.530 

ea 


Company  0001740000 

4-Nrtro- 

2,4-Dinilro- 

4,6-Dmilro- 

Cntr  pi    2C  Prod 

Daily  llow 

phenol 

phenol 

o-cresoi 

T/day 

m3/day 

mg/tonne 

mg/tonne 

mq/ionne 

Date 

Jan/90 

180 

3,154 

- 

- 

- 

Feb/90 

161 

3,965 

- 

- 

- 

Ma  1/90 

205 

4,56S 

- 

- 

- 

Apr/90 

181 

4,628 

- 

- 

- 

May/90 

182 

4.541 

- 

- 

- 

Jun/go 

156 

3.530 

- 

- 

- 

3tsl  May  1991 
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T«bU  5b,  Chlortnafd.  n»mr«l«  (ATG(23).  Slf«ihcon»  P«p»r  Company  (N«p«nf).  (D«l«;  2-5-19»1>. 

Company  0001740000  Hexachloro-      Henachloro-     Hexachtofo-  l.2.3-TricNorol,2,4-Trk:hioro?,4.5-Tricmoro  1,2,3. 4-Tatra- 1,2,3, 5-Teira- 

Cnlr.pt :  2C  Prod  Oe>ly  llcw  eihane  buiadiens     yclopeniadien      benzene  benzene  loluene       irhtorobenzene^hlorobenzene 

T/day  mS/day  rngflonne         mgAonne         mg/tonne         mg/lonne         mp^onne         mgflonne         mg/lonne         mflflonne 


Date 

Jan/90 

180 

3,154 

Feb/90 

161 

3.965 

Mar/90 

205 

4,568 

Apr/90 

181 

4.628 

M3y/90 

182 

4,541 

Jun/90 

156 

3,530 

0-1 


0.0 


0-1 


00 


Company  0001740000 

1, 2,4.5- T.M- 

P«nM- 

H*xa- 

Octachloro- 

Cnlrpi    2CProd            Daily  now 

chlofolMnian* 

chliHotMnm 

chlofobMiitn* 

styrene 

T/dav          m3/dav 

fng/lonne 

mg/lonne 

mg /tonne 

mg/ionne 

Dale 

Jan/90 

180 

3,154 

Feb/go 

181 

3,965 

Mar/90 

205 

4,568 

Apr/go 

1B1 

4,628 

May/90 

182 

4.541 

Jun/90 

156 

3,530 

02 


Tabia  6b.  Chlorlnaied  dlontna,  dibenzoluranet  and  PCB't  (ATG{23).  Slralhcona  Paper  Company  (Napanee).  (Date:  2-5-1991] 
Company  0001740000  2,3.7,8-  TolaJ  Toial  ToMJ  Toial  Total  Total  Total 

Cmrpt    2CProd  Daily  llow  TCOO  TCOD  TCDF  PCDD  PCDF  HxCDD  HxGOF  HpCDD 

T/day  m3/day ^JStonn9 pgtonne MHIonne pqtonne ^Jgtonn9 MQionne pglonne tjglonna 


Date 
May/90 


182 


4,541 


Company  0001740000 

Toial 

Total 

Cntr  pt    2C  Prod            Daily  llow 

HpCDF 

OCDD 

OCDF 

PCB^s 

T/day         in3/dav 

pg/lonne 

pq/tonne 

pg/lonne 

tjfl/tonne 

Date 
May/90 


182 


4,541 


Table  7b.  Fatly  and  realn  aclde  (ATG  2fi). 

Strathcona 

Paper  Company  (Napanae).  (Dale: 

2-5-1891). 

Company  0001740000                                Oleic 

Pimaric 

Abietic            Dehydro-         Isopimaric 

Levopi  marie 

Neoabietic 

jhlorodehydro- 

Cnupt.  2CProd.           Daily  flow             acid 

acid 

acid           abiotic  acid            acid 

acid 

acid 

abiellc  acid 

T/flav          m3'day           g/tonne 

g/tonne 

q/lonne            g/tonne            g/lonne 

g/lonne 

g/tonne 

g/lonne 

Dale 

Jan/90 

180 

3.154 

FelV90 

161 

3.965 

Mar/90 

205 

4.568 

Aor/90 

181 

4.628 

May/90 

182 

4.541 

Jun/90 

156 

3,530 

4  9 


04 


1.2 
1  5 
0  4 


0.6 


0  2 


4  7 
9  1 

1  4 
4  1 
08 
06 


1.5 


0.8 
0.3 


06 


Company  0001740000 

Dichlorodehydr( 

Taal  resin 

Total  resin 

Total  resin 

Cntrpi    2CProd. 

Daily  ticw      abieiic  acid 

acids 

acids 

acids 

T/day 

m3/day           g/tonne 

g/lonne 

Kg/day 

<mg/l> 

Date 

Jan/90 

180 

3.154 

FBb/90 

161 

3.965 

Mar/90 

205 

4,56B 

Apr/90 

181 

4,628 

May/90 

182 

4.541 

Jun/90 

156 

3,530 

4.7 

1 

0  27 

12  4 

2 

050 

42 

1 

0  19 

50 

1 

0  20 

08 

0 

0  03 

0  6 

0 

0  03 

Values  lor  debydroabieiic  acid  and  dichlofodebydroateeHc  acid  are  monthly  averages 


3l3t  May  1991 
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Tabia  Bb.  Matala  (ATG  9  t12). 

SIrathcona  Papar  Company  (Napanaa).  (Data 

2-5-1981). 

Company 

0001 7400C  Prod               Daily  flow 

Berylium          Aluminium            Copper                 Zinc 

ChromJum 

Nickel 

Uolytxlenum 

Cobalt 

T/day              m3/dav 

fl/lonne            Q/lonne            g/Ionne            gtonne 

n/ionne 

fl/torne 

a/(Ofine 

fl/tonne 

Dale 

Jan/90 

180 

3,154 

FebyflO 

161 

3,965 

Mar/go 

205 

4.568 

Apr/90 

1S1 

4,628 

May/QO 

1S2 

4.541 

Jun/90 

156 

3,530 

9 

03 

1.1 

03 

0  1 

- 

15 

- 

0.4 

02 

14 

0-2 

0.3 

0  3 

0.2 

0  6 

too 

0.7 

0.3 

- 

10 

0  1 

02 

0  1 

- 

8 

. 

03 

- 

Company 

0001 7400C  Prod 

Daily  ticw 

Vanadium 

Silver 

Lead 

Cadmium 

Thallium 

Mercury 

T/day 

m3/day 

f)/tonne 

g/Ionne 

fl/ionne 

gAonne 

g/tonn© 

fl/lonne 

Dale 

Jan/90 

180 

3.154 

0  3 

Feb«0 

161 

3,965 

02 

Mar/90 

205 

4,568 

04 

Apt/90 

181 

4,628 

06 

May/90 

182 

4.541 

Jun/90 

156 

3,530 

0.1 


0.1 


0.01 
0.01 
0.01 


ViUues  tor  aluminium  and  zink  are  monthly  avere^es 


31st  May  1991 
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Average  flow.  Production  and  Conductivity  data  from  Strathcona  Paper  Company  (Napanee), 

Control  point  200  (17-5-1991). 

m^/day      t/day  ps/cm 

6000   -r  1500  r  4000 


1000   - 


-3000 


/\,.wA 


,VwYY^ 


-2000 


-  1000 


(63) 


1/JarV90      31/Jan/90       1/Mar/90      31/Mar/90     30/Apr/90     30/May/90    29/Jun/90 

TSS,  COD  and  BODS  data  from  Strathcona  Paper  Company  {Napanee), 
Control  point  200  (17-5-1991). 
kg/tonne 
50  -, 


40  - 
30  - 
20  - 

10  - 


0  - 


iVr. 


■%?  "J 
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Appendix  C 
Mill  Contact  Reports 


Reports  with  varying  degrees  of  detail  were  prepared  by  team  members  on  visits  to  mills  and 
other  establishments,  and  on  contacts  with  various  organizations  in  addition  to  Ontario  mills  and 
the  Ministry.  The  most  useful  of  these  reports  are  collected  in  this  appendix. 
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Kimberly-Clark,  Terrace  Bay,  Ontario 

This  Ontario  mill  produces  1 , 1 50  tonnes  per  day  of  hardwood  and  softwood  bleached  kraft  market 
pulp.  External  treatment  consists  of  mechanical,  primary  clarification  followed  by  an  aerated 
stabilization  basin.  Refer  also  to  Appendix  A  for  further  details  on  this  mill. 

Final  effluent  wastewater  discharges  average  89  mVtonne.  The  daily  effluent  discharge 
concentrations  are  summarized  in  Figure  C.I. 


mg/L 


80 


TSS  MaxdS 


TSS  Avg95 
BOOMax95 

BOD  Avg95 


1-Jan-90  7-Mar-90 

TEHREFFLXLS/ChBrt  1 


11-May-90  15-Jul-90  18-Sep-90  22-Nov-90  26-Jan-91 

Figure  C.1  Kimberly-Clark,  Terrace  Bay,  BOD  and  TSS  discharges 


The  nutrient  discharges  for  the  first  six  months  of  1990  are  summarized  in  Figure  C.2.   These  do 
not  display  any  seasonal  bias,  and  the  phosphorus  discharge  is  noticeably  low. 


mg/L 


Phosphorus Nitrate 


1-Jan-90 

MILL19.XLS  Chart  1 


1-Feb-90 


4-Mar-90 


4-Apr-90 


5-May-90 


5-Jun-90 


6-Jul-90 


Figure  0.2  Kimberly-Clark,  Terrace  Bay,  daily  nutrient  discharges 
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1-Feb-90 

TERREFFLXLS  Chan  3 


4-Apr-90  S-Jun-90  6-Aug-90  7-Oct-90  8-DeC'90 

Figure  C.3  Kimberly-Clark,  Terrace  Bay,  BOD  and  TSS  discharges,  30-day  rolling  averages 


The  30-day  moving  averages  for  BOD  and  TSS  discharges  from  the  mill  provide  an  indication  of 
the  maximum  monthly  average  discfiarges. 

It  is  noticeable  that  there  is  no  visible  seasonal  variation  in  TSS  discharges,  and  It  Is  debatat)le 
whether  BOD  discharges  vary  seasonally.  This  mill  reported  minimum  effluent  discharge 
temperature  of  12  deg  C,  so  It  is  somewhat  surprising  to  that  effluent  quality  does  not  show  an 
obvious  drop  in  winter.  However,  daily  effluent  temperature  data  were  not  available. 
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Figure  C.4  Kimberiy-Clark  Jerrace  Bay,  Nutrient  discharges,  30-day  rolling  average 
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E.  B.  Eddy,  Espanola,  Ontario 

The  E.  B.  Eddy  mill  at  Espanola  manufactures  fully  bleached  hardwood  and  softwood  market  pulps 
and  also  has  a  small  paper  mill  on-site.  Refer  to  the  mill  data  sheet  In  Appendix  A  for  further 
information. 

The  mill  was  built  in  the  late  nineteenth  century,  and  has  been  modernized  several  times  since. 
Two  oxygen  delignrfication  lines  have  been  operating  for  a  number  of  years,  and  an  ASB  was 
installed  to  treat  all  effluents  in  the  mid  1980s.  The  effluent  is  consistently  non-toxic  to  trout  ar>d 
Daphnia  magna.  BOD,  and  TSS  discharges  are  summarized  in  Figures  C.5. 
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Source:  MISA  1990 

Figure  C.5  E.B.  Eddy,  Espanola,  Effluent  BOD  and  TSS  discharges 

The  BOD  and  TSS  discharge  concentrations  during  1990  were  lower  than  those  considered  as 
BAT  in  this  report,  and  discussed  in  Chapter  5.  The  effluent  flow  is  quite  high,  about  105  m^/tonne 
product,  so  the  overall  performance  can  be  expected  to  improve  if  in-plant  measures  are 
implemented  to  reduce  flows. 

The  30  day  rolling  averages  for  BOD  and  TSS  discharges  shown  in  Figure  C.6  suggest  somewhat 
better  performance  in  summer  than  in  winter,  although  the  average  BOD  discharge  for  the  three 
coldest  months  (January,  February  and  March)  is  essentially  Identical  to  the  annual  average. 
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Figure  C.6  E.B.  Eddy,  Espanola,  BOD  and  TSS  discharges,  30-day  roiling  averages 


Nutrient  discharges 

Nutrient  discharges  were  measured  as  follows  during  the  1 990  MISA  sampling  program: 


Total  phosphorus 
Ammonia  nitrogen 


Average  discharge      99th  percentile 

0.51  mg/L  0.97  mg/L 

I.Omg/L  2,6  mg/L 
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Procter  and  Gamble,  Grande  Prairie  Alberta 

Procter  and  Gamble  have  operated  a  bleached  kraft  mill  near  Grande  Prairie,  Alberta  since  the 
early  1970s.  It  was  originally  designed  to  produce  675  tonne/day  fully  bleached  marl<et  kraft,  but 
various  minor  upgrades  have  raised  production  to  approximately  850  tonne/day.  The  mill  design 
Included  an  extensive  spill  control  system,  a  primary  clarifier  and  a  two-stage  aerated  stabilization 
basin  with  12  days  nominal  hydraulic  retention  time. 

A  Kamyr  continuous  digester  produces  softwood  pulp  for  the  bleaching  operation  which  uses  70% 
chlorine  dioxide  substitution  in  the  chlorination  stage  (personal  communication,  I.  McKenzie 
Alberta  Environment,  1991). 

The  BOD  and  TSS  discharges  for  the  1991  winter  season  are  summarized  in  Figure  C.7. 


mg/L 


Procter  and  Gamble,  Grande  Prairie 
BOD^ ^TSS 


1-Jan-91  16-Jan-91 

PROCTER.XLS  Chart  2 


31-Jan-91 


15-Feb-91 


2-Mar-91 


BOO  Maxgs 
TSS  Max95 


ISSAvg95 
BOD  Avg95 


17-Mar-91  1-Apr-91 


Figure  C.7  Procter  and  Gamble,  Grande  Prairie,  Effluent  BOD  and  TSS  discharges 


September  1,  1991. 


irc  JBE  U\,:    IPPIC.UK    If 


-7- 


Procter  and  Gamble.  Grande  Prairie  Alberta 

Appendix  C 


N.  McCubbin  Consultants  Inc.  BAT  Definition  Study,  Pulp  and  Paper  Sector 


Weldwood,  Hinton,  Alberta 

The  Weldwood  Canada  mill  at  Hinton.  Alberta  was  commissioned  In  the  mid  1950's,  and  has  had 
various  owners.  It  was  originally  designed  to  produce  450  tonnes/day  fully  bleached  market  kraft. 
but  various  minor  upgrades  and  a  major  rebuild  have  raised  production  to  approximately 
1 1 00  tonnes/day.  The  mill  originally  had  only  a  simple  settling  basin  for  some  of  the  effluent,  and 
no  spill  protection  facilities.  A  primary  clarifier  and  aerated  stabilization  basin  were  installed  In  the 
late  1960s.  Presently  it  has  an  extensive  spill  control  system,  a  primary  clarifier  and  a  two-stage 
aerated  stabilization  basin  with  a  6  day  nominal  hydraulic  retention  time,  and  3000  HP  installed 
aeration  equipment. 

The  following  description  of  this  mill  is  extracted  from  a  paper  by  Andrews  (1991). 

In  1990  a  $385  million  expansion  project  was  completed,  at  the  mill.  An  integral  part  of 
this  project  was  the  inclusion  of  the  best  available  technology  for  environmental  control. 
The  project  included  a  MCC  Kamyr  digester,  O2  dellgnification,  a  R-8  CIO^  plant,  In-house 
spill  recovery  and  an  upgraded  waste  water  treatment  system. 

The  level  of  chlorine  dioxide  substitution  was  been  increased  from  the  pre-expansion  level 
of  5%  to  the  current  normal  operating  rate  of  45%.  On  a  regular  monthly  basis,  dictated 
by  market  demand,  100%  substitution  runs  are  also  produced. 

Treated  effluent  AOX  discharge  has  been  very  stable  between  1.0  to  1.1  kg/ADt^  with  the 
mill  operating  at  an  average  18  Kappa  to  the  bleach  plant  and  a  monthly  average 
50%  ClOj  substitution  level  (includes  some  100%  CiOj  production  runs).  All  1990  and 
1991  year  to  date  acute  toxicity  tests  have  shown  the  treated  effluent  to  be  non-toxic. 
Both  rainbow  trout  and  Daphnia  magna  test  specimens  have  shown  100%  survival  in 
100%  treated  effluent  concentrations  during  these  bioassays. 

Liquor  spill  recovery  systems,  a  closed  brown  stock  system,  a  new  high  rate  steam 
stripper,  a  green  liquor  dregs  solid  handling  and  disposal  system  and  increased  ASB 
aeration  are  components  of  the  project  which  are  believed  to  have  been  beneficial  in 
meeting  the  licence  toxicity  requirements.  The  resin  acid  content  in  the  final  treated 
effluent  is  measured  on  a  monthly  grab  sample  of  the  ASB  discharge  prior  to  mixing  with 
the  clear  water  bypass.  These  results  are  typically  below  the  detection  limit  of  0.01  ppm. 

Analyses  for  2,3,7,8  TCDD  are  in  the  range  of  non-detect  to  5  ppq,  while  2,3,7,8  TCDF 
furan  has  been  between  10  to  25  ppq. 

The  average  effluent  flow  for  the  period  November  1990  to  June  1991  was  103,000  m^/day,  which 
was  equivalent  to  102  m^/tonne  product. 


'  Alberta  Environment  reports  show  an  average  of  0.96  kg/tonne. 

September  1, 1991.  -  8  -  Weldwood.  Hinton,  Alberta 

HC   lit   tilt:   (FFICDSC   III  AppSndJX  C 


N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Effluent  BOD  and  TSS  extracted  from  Alberta  Environment  files  are  summarized  In  Figures  C.8 
and  C.9. 
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Figure  C.8  Weldwood,  Hinton,  Effluent  BOD  discharges 
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Figure  C.9  Weldwood,  Hinton,  Effluent  TSS  discharges 
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Figure  C.10  Weldwood,  Hinton,  BOD  and  TSS  discharges,  30-day  rolling  averages 


Nutrients 

Personal  contact  with  the  mill  indicated  that  nitrogen  was  the  only  nutrient  added  during  the  period 
for  which  the  effluent  data  is  shown  here.  The  phosphorus  discharges  shown  in  Figure  C.1 1  are 
therefore  surprisingly  high.  The  municipal  sewage  from  the  town  of  Hinton  is  treated  along  with 
the  mill  effluent.  Calculation  by  the  authors  based  on  the  available  data  indicate  that  the  town 
sewage  may  be  a  significant  contributor  to  the  high  phosphorus  discharge,  but  there  were  not 
sufficient  data  available  to  resolve  the  question. 
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Figure  C.11  Weldwood,  Hinton,  Phosphorus,  and  ammonia  nitrogen  discharges  in  effluent 
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Alberta  Newsprint,  Whitecourt,  Alberta 

The  700  tonnes  per  day  Alberta  Newsprint  Co.  mill  at  Whitecourt  was  commissioned  In  1990.  It 
manufactures  newsprint  from  thermomechanical  pulp,  and  was  designed  to  operate  without  any 
addition  of  chemical  pulp.  Equipment  is  installed  for  operation  as  a  CTMP  mill,  but  chemicals  had 
not  been  used  at  the  time  of  writing. 

The  effluent  treatment  system  is  based  on  the  activated  sludge  process,  and  includes  a  spill  basin. 
Influent  equalization  basin  and  a  post  treatment  aerated  polishing  basin.  The  Activated  Sludge 
Treatment  system  incorporates  an  anoxic  selector,  and  is  believed  to  be  the  first  application  of  this 
technology  in  the  Canadian  pulp  and  paper  industry.  The  flowsheet  is  shown  in  Figure  C.12  and 
the  design  criteria  and  performance  data  for  the  system  are  presented  in  Table  CO.  Provision  Is 
included  in  the  design  for  control  of  the  activated  sludge  basin  temperature  by  alternative  routing 
of  cooling  water  and,  as  a  last  resort,  steam  heating  of  the  effluent.  This  has  been  required  only 
during  mill  shutdown  in  extremely  cold  weather. 
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Figure  0.12  Alberta  Newsprint,  Whitecourt.  Effluent  treatment 

Drawn  by  N.  McCubbin  Consultants  Inc.  from  information  provided  by  Alberta  Environment 

Summary  data  on  the  mill  effluent  for  three  winter  months  are  shown  In  Table  CO.  These  data 
were  extracted  from  mill  reports  to  Alberta  Environment.  Daily  BOD  and  TSS  discharges  for  a  full 
winter  are  shown  in  Figures  C.  13  andC.14.  These  BOD  and  suspended  solids  discharges  are 
exceptionally  low  relative  to  most  historical  data  from  other  activated  sludge  systems  in  the  pulp 
and  paper  industry. 

The  treatment  system  is  obviously  well  designed  and  operated.  The  capital  cost  of  the  system  was 
reported  to  be  approximately  $15  million  in  1990,  which  is  modest  for  the  influent  BOD  load 
mentioned  in  Table  CO. 
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Table  C.1  Alberta  Newsprint,  WhHecourt,  Effluent  treatment 


Design  data 

Effluent  flow  15,000  mVday. 

Retention  time  in  aeration  basin  2.5  days 

Siudge  retention  time  10-12  days 

MLSS  3,000  mg/L 
Food:microorganism  ratio  {F:M)  0.20 

Influent  BOD  21 ,000  kg/day  (avg) 


28,000  kg/day  (max) 


Regulatory  requirements  at  low  river  flows 


BOD 
TSS 

Colour 


BOD 

TSS 

Colour 


Maximum  monthly  average 

Typical  discharges 

(kg/day) 

(kg/day) 

1990/1991 

1,650 

150 

6,650 

300 

31,500 

3,525 

Maximum  daily  discharge 

(kg) 

(kS) 

3,300 

630 

13,000 

1,950 

42,000 

6,540 

Source:  Data  from  Alberta  Environment 


Acute  lethality  to  trout  and  Daphnia  magna  are  verified  approximately  once  per  month.  The 
Alberta  Environment  records  show  that  effluent  LC^p  has  been  >100%  on  all  occasions  from  the 
mills  start-up  in  July  1990  until  June  1991  (latest  data  available  to  the  authors).  Mill  staff  reported 
that  there  had  been  no  fish  mortality  in  the  acute  lethality  tests. 
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Figure  0.13  Alberta  Newsprint,  Whitecourt,  Effluent  BOD 
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Figure  C.14  Alberta  Newsprint,  Whitecourt,  Effluent  TSS 

The  discharges  of  phosphorus  and  nitrogen  are  shown  in  Figure  C.15. 
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Figure  C.15  Alberta  Newsprint,  Whitecourt,  daily  nutrient  discharges 


The  phosphorus  discharge  would  be  considered  to  be  unacceptably  high  for  most  Ontario  mills. 
ANC  miii  staff  have  advised  that  their  prime  objective  in  the  initiai  severai  months  of  operation  was 
to  make  sure  they  complied  with  all  regulations  at  all  times,  so  they  adjusted  the  nutrient  charge  to 
the  plant  to  promote  maximum  BOD  removal.  There  is  no  doubt  that  the  plant  will  operate  well  at 
lower  rates,  but  some  time  and  experience  will  be  required  to  determine  the  practical  minimum 
nutrient  discharge  rate,  in  the  authors'  experience,  some  trade-off  between  nutrient  discharge  and 
the  discharge  rates  of  BOD  and  TSS  will  probably  be  necessary. 
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This  plant  demonstrates  that  there  Is  no  simple  definition  of  "best"  effluent  treatment  technology. 
In  some  receiving  waters  or  regulatory  environments,  low  BOD  discharge  would  take  precedence 
over  low  nutrient  discharge,  and  in  some,  vice  versa. 


1-0«c-90 

ANC30  QJCLS  Chart  7 


10-Jan-91  1»-Feb-91  31-Mar-91  10-May-91  19-Jun-91 


29-JUI-91 


Figure  C.16  Alberta  Newsprint,  Whitecourt,  BOD  and  TSS  AVG 
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Diashowa,  Peace  River,  Alberta 

Diashowa  Canada  operates  a  1000  tonne/day  market  kraft  mill  at  Peace  Rtver,  in  North  Western 
Alberta.  The  mill  commenced  production  In  mid  1990,  and  had  not  yet  reached  full  production  at 
the  time  of  writing. 

The  process  equipment  consists  of  a  single  fibre  line,  with  dry  debarking,  a  continuous  digester 
equipped  for  extended  cooking,  oxygen  delignlfication  and  a  high -substitution  bleach  plant.  The 
mill  manufactures  both  softwood  and  hardwood  pulps,  with  changes  in  wood  furnish  according  to 
customer  demands.  The  periods  of  softwood  production  are  indicated  on  the  graphs  below. 

There  is  a  spill  recovery  system  In  the  recovery  boiler  and  evaporator  areas  to  recover  accidental 
losses  of  black  liquor.  There  is  also  a  spill  tiasin  to  which  the  total  mill  effluent  flow  can  be  diverted 
to  prevent  major  spills  reaching  the  biological  treatment  system.  The  automatic  control  system  is 
based  on  conductivity. 

After  primary  treatment,  the  effluent  is  stabilized  in  a  single  cell  ASB  of  600,000  m^  capacity.  This 
corresponds  to  about  9  days  retention  time  at  the  average  effluent  flows  for  the  period  reported  in 
the  graphs  below.  The  design  retention  time  is  11  to  12  days.  The  aeration  system  uses 
submerged  jets,  instead  of  the  more  conventional  surface  aerators. 

The  effluent  discharge  requirements  are  a  maximum  of  7.5  kg/tonne  BOD,  9  kg/tonne  TSS,  and 
1 .4  kg/tonne  AOX.  The  effluent  Is  required  to  be  non-lethal  to  trout. 

Design  effluent  flow  is  55  m^/tonne,  but  actual  operating  flows  have  been  up  to  150  m^/tonne,  with 
an  average  of  96  m^/tonne.  This  value  appears  to  be  dropping  as  mill  production  increases  with 
operating  experience. 

Effluent  treatment 

BOD  and  TSS  discharge  concentrations  from  November  1990  until  mid  1991  are  shown  In 
Figures  C.17  and  C.18.  These  correspond  to  average  discharges  of  1.6  and  5.7  kg/tonne  product 
respectively.  There  is  no  apparent  correlation  between  BOD,  or  TSS  in  the  treated  effluents  and 
the  wood  furnish. 
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Figure  C.17  Diashowa,  Peace  River,  Effluent  BOD 
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Figure  C.18  Diashowa.  Peace  River,  Effluent  TSS 

The  rolling  30  day  average  BOD  and  TSS  discharge  concentrations  are  shown  in  Figure  C.19.  The 
maximum  monthly  average  concentrations  wouid  be  as  shown,  in  the  worst  case.  In  practice,  it  is 
uniil<eiy  that  the  calendar  month  would  coincide  with  the  highest  30  day  period. 
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Figure  C.19  Diashowa,  Peace  River,  Monthly  average  BOD  and  TSS  concentrations 

None  of  the  data  on  BOD  and  TSS  discharges  exhibit  the  seasonal  variation  traditionally  expected 
with  ASB  treatment  systems  in  cold  climates. 

The  AOX  discharges  are  shown  in  Figure  C.20.  The  data  are  expressed  in  l<g/tonne  product, 
because  that  is  the  conventional  way  of  presenting  AOX  information.  The  mill  production  has  been 
somewhat  erratic,  since  the  initial  start-up  was  in  late  1990.  The  long  retention  effluent  treatment 
system  makes  it  impossit»le  to  attribute  AOX  discharges  to  any  one  production  day,  so  the  basis 
for  calculating  these  production  leased  loadings  was  the  average  of  the  previous  ten  days  saleable 
production. 
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Figure  0.20  Diashowa,  Peace  River,  AOX  discharges 

The  AOX  discharges  appear  to  be  perhaps  somewhat  lower  when  hardwood  is  being  pulped, 
which  would  be  in  accordance  with  experience  elsewhere.  However,  the  effects  of  biological 
treatment  and  the  mixing  in  the  relatively  long  retention  ASB  appear  to  be  almost  eliminating  the 
hardwood /softwood  difference.  There  does  not  appear  to  be  any  seasonal  variation  in  AOX 
discharges. 
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Ponderay  Newsprint,  Usk,  Washington 

The  Ponderay  Newsprint  mill  at  Usk,  Washington  is  designed  to  produce  500  tonnes  per  day  of 
newsprint.  It  is  based  on  the  CTMP  pulping  process  which  involves  addition  of  sodium  sulphite  in 
either  of  the  different  process  variations.  In  one  variation  the  chips  are  steamed  in  a  vessel 
containing  a  3%  to  6%  sulphite  solution  for  approximately  one  hour  and  then  refined.  In  the  other, 
the  chips  are  steamed  alone  then  pressed  and  soaked  in  a  tank  containing  sodium  sulphite 
solution  en  route  to  refining. 

The  chemical  pretreatment  of  the  chips  results  in  an  untreated  CTMP  effluent  containing  sulphites 
in  the  range  of  500  to  1500  mg/L,  averaging  750  mg/L.  Approximately  10%  to  26%  of  the 
measured  BOD  Is  also  due  to  residual  sulphite.  Similar  high  sulphite  concentrations  have  been 
reported  to  upset  the  success  of  biological  treatment  systems  in  Canadian  mills.  There  are  no 
CTMP  mills  operating  in  Ontario  at  the  time  of  writing,  but  one  could  perhaps  expect  comparable 
problems  in  the  high  yield  sulphite  mills.  This  concern  was  alleviated  by  provkiing  physical- 
chemical  treatment  prior  to  the  main  biological  treatment  aeration  basin.  The  physical-chemical 
treatment  of  the  concentrated  stream  from  the  CTMP  precipitated  75%  or  more  of  the  unspent 
sulphites.  Mill  operating  experience  has  demonstrated  that  the  high  sulphite  concentrations  will 
not  interfere  with  biological  treatment  providing  that  suitable  provisions  are  incorporated  into  the 
design  (Reeser  19893). 

Extensive  data  are  available  In  the  Washington  State  files  (Ray  1991)  concerning  the  Ponderay, 
Usk  mill.  Further  papers  describing  the  effluent  treatment  plant  research  and  its  environmental 
permits  have  been  presented  by  Reeser  {1989a,  1989b).  Bennet  (1991)  described  research  to 
reduce  toxicity  at  the  Ponderay,  Usk  mill. 

BOD  and  TSS  final  effluent  concentration  data  are  summarized  in  Table  C.2.  The  mill  production 
during  this  time  period  averaged  approximately  515  tonne  per  day.  The  January,  1990  data  were 
collected  during  start-up  and  may  not  be  representative  of  normal  operating  conditions  according 
to  Roger  Ray  of  the  Washington  State  Department  of  Ecology,  Spokane,  WA  office.  He  is  the 
regulatory  individual  responsible  for  monitoring  discharges  from  the  Ponderay,  Usk  mill. 
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Table  C.2  Ponderay  mill, 

Usk,  Effluent  characteristics 

Month 

BOD 

BOO 

TSS 

TSS 

average 

maximum 

average 

maximum 

January 

43 

116.5 

107 

584 

February 

25 

45 

44 

71 

March 

23 

53 

53 

152 

April 

8 

20 

11 

27 

May 

6 

29 

13 

47 

June 

9 

19 

13 

23 

July 

10 

31 

26 

265 

August 

7 

18 

14 

91 

September 

7 

13 

9 

26 

October 

15 

35 

14 

31 

November 

27 

73 

18 

38 

December 

21 

71 

35 

295 

•Maximum"  implies  highest  value  of  daily  samples 
All  data  expressed  as  mg/L. 
Souroe:  milt  reports 

The  pulp  mill  has  taken  production  curtailments  during  the  past  year  for  periods  of  approximately 
4  to  5  days  due  to  market  conditions.  During  the  mill  shutdowns  a  starch  substrate  has  been  fed 
to  the  effluent  treatment  plant  to  maintain  the  desired  microbiological  population.  This  has 
prevented  performance  upsets  when  the  mill  resumed  production,  that  were  othenwlse  anticipated. 

The  Usk  system  uses  an  oxidation  ditch,  as  described  in  Appendix  G. 
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Champion  International,  Canton,  North  Carolina 

The  mill  was  constructed  at  the  turn  of  the  century,  and  currently  produces  1200  tonne  per  day 
bleached  krafl  pulp,  primarily  for  use  on  site  In  a  variety  of  paper  machines  manufacturing  a  variety 
of  products  Including  milk  carton  stock  arxl  fine  papers.  A  conventional  activated  sludge  plant 
was  Installed  during  the  1960's.  This  reduces  the  final  effluent  to  below  20  mg/L  BOD  and  TSS  to 
below  40  mg/L  The  final  effluent  discharge  Is  approximately  170,000  m^/day,  equivalent  to  about 
140  mVtonne  pulp.  The  typical  long  term  Influent  BOD  is  about  73,000  kg/day  (425  mg/L)  with 
greater  than  95%  BOD  removal  being  realized.  The  pulp  mill  and  recovery  boiler  areas  are 
currently  being  modernized,  but  the  effluent  data  represents  the  performance  of  a  very  old  mill. 
The  effluent  quality  is  summarized  in  Figure  0.21 . 
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Figure  C.21  Champion,  Canton,  NC,  Effluent  BOD  and  TSS 

When  one  of  the  author's  visited  this  mill,  it  was  evident  that  extremely  high  attention  was  paid  to 
the  effluent  quality.  The  effluent  treatment  plant  itself  Is  quite  well  Instrumented,  and  has  an 
excellent  data  logging  and  reporting  system  supplemented  by  extensive  analysis  of  the  operations 
by  the  operators  and  process  engineers.  The  age  of  the  mill  and  lack  of  a  modern  spill  control 
system  places  high  demands  on  the  effluent  treatment  system  and  its  operation.  The  authors 
estimated  that  approximately  125  man  hours/day  were  spent  on  operation  and  routine 
maintenance  of  the  effluent  treatment  system,  including  constant  co-ordination  with  the  mill 
operators  to  minimize  spills.  This  is  about  double  the  manpower  normally  required  to  attain  a  high 
level  of  performance  in  a  more  modem  installation  protected  by  an  effective  spill  control  system. 
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The  rolling  averages  of  the  BOD  and  TSS  discharges  are  shown  below. 
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Figure  C.22  Champion,  Canton,  NC,  BOD  and  TSS  discharges,  30-day  rolling  average 
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P.H.  Glatfelter,  Spring  Grove,  Pennsylvania 

The  P.H.  Glatfelter  Paper  Company  at  Spring  Grove,  Pennsylvania  operates  an  activated  sludge 
system  which  has  exhibited  excellent  performance  for  many  years.  The  mill  produces 
approximately  550  tonnes/day  bleached  hardv^^ood  and  softwood  kraft  pulp,  which  is  used  in  the 
integrated  paper  mill.  The  latter  manufactures  720  tonnes/day  of  a  wide  variety  of  coated  and 
uncoated  fine  papers  on  7  paper  machines. 

The  effluent  treatment  system  processes  an  average  of  47,000  mVday  of  pulp  and  paper 
wastewater.  Refer  to  Figure  C.23. 

Primary  treatment 

The  primary  Influent  is  neutralized  to  a  pH  range  of  6  to  8  using  scrubber  water  from  the  lime  kiln 
and  spent  sulfuric  acid  from  the  chlorine  dioxide  generating  plant.  Primary  treatment  is  earned  out 
in  three  clarlfiers  operating  in  parallel.  These  provide  a  three  hour  retention  time  and  overall 
suspended  solids  removal  is  normally  in  the  70%  to  75%  range.  The  combined  primary  sludge  is 
pumped  to  the  gravity  thickener  at  the  sludge  dewatering  facility. 
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Figure  C.23  Glatfelter,  Spring  Grove,  Effluent  treatment  system  flowsheet 


Secondary  treatment 

Anhydrous  ammonia  and  phosphoric  acid  are  added  to  the  primary  clarified  effluent  as  required  to 
maintain  proper  nitrogen  and  phosphorus  levels  for  the  bacteria  in  the  secondary  plant.  The 
nutrients  are  added  on  the  basis  of  average  mill  effluent  flow,  BODg  loading,  residual  in  the 
secondary  effluent  discharge  and  historical  experience. 
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The  contact  stabiiUation  activated  sludge  secondary  treatment  plant  consists  of  three  aeration 
basins  in  series.  One  is  a  stabilizer  for  aeration  of  return  sludge,  while  the  other  two  are  contact 
basins  in  series  for  aeration  of  the  mixed  liquor.  Aeration  in  the  latter  is  provided  by  flat-blade,  two- 
speed  turbine-type  surface-entrainment  aerators  arranged  as  follows:  9  at  60  HP  in  the  No  1 
aeration  basin  and  5  at  60  HP  in  the  No  2  aeration  basin.  Aeration  in  the  stabilizer  was  converted 
In  1975  from  turbine  surface-entrainment  type  to  a  low  pressure  air  static  aeration  system. 
Involved  are  three  two-speed  blowers  at  75  HP  delivering  a  maximum  of  3400  m^/hour  each  at 
45  kPa  to  240  static  aerators. 

Settled  activated  sludge  is  pumped  at  a  controlled  rate  from  the  bottom  of  the  secondary  clarlfiers 
to  the  stabilizer.  The  returned  sludge  Is  aerated  and  then  overflows  a  level  control  structure  into 
the  first  aeration  basin  where  It  is  mixed  with  the  incoming  primary  effluent  plus  the  sludge 
thickener  overflow.  The  latter  flow  passes  through  an  aeration  lagoon  prior  to  mixing  with  the 
primary  effluent  to  form  the  combined  secondary  Influent. 

The  mixed  liquor  in  the  first  aeration  basin  is  aerated  and  allowed  to  overflow  a  level  control 
structure  into  the  second  aeration  basin,  followed  by  a  similar  overflow  from  No  2  aeration  basin  to 
a  distribution  box.  For  a  50,000  m^/day  average  mill  effluent  flow  and  a  50%  recycle  of  activated 
sludge,  the  stabilizer  provides  three  hours  retention  for  return  sludge  aeration,  while  the  two 
aeration  basins  combined  allow  for  3.3  hours  aeration  of  the  mixed  liquor.  An  equalizing  basin 
proceeding  activated  sludge  was  installed  during  the  1960s. 

The  Glatfelter  treatment  system  Is  we!!  known  for  having  a  track  record  of  excellent  performance. 
The  data  on  its  operation  in  1990  which  were  available  from  the  files  of  the  Pennsylvania 
Department  of  Environmental  Resources  are  summarized  in  Figure  C.24.  Data  were  not  available 
for  August  28  to  October  27,  1 990. 
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Figure  C.24  Glatfelter,  Spring  Grove,  BOD  and  TSS  discharges 

Discharges  of  pliosphorus  from  this  system  are  exceptionally  low,  as  indicated  in  Figure  C.25. 
These  data  have  withstood  the  scrutiny  of  several  professionals,  including  those  from  the  the  US 
EPA. 
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Figure  C.25  Glatfelter,  Spring  Grove,  Total  phosphorus,  daily  discharges. 
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Union  Camp  Corp.,  Franklin,  Virginia 

Person  nol: 

Wells  E.  Nutt,  President,  Union  Camp  Technology  Inc 
Norman  C.  Shroyer,  Technical  Director,  Franklin  Mill 

Purposes  of  visit 

Review  technology  and  commercial  status  of  the  chlorine-free  bleach  plant  under  construction  by 

Union  Camp. 

Determine  whether  this  should  be  considered  as  proven  technology  as  defined  by  the  Ministry  of 
the  Environment,  and  discussed  in  the  body  of  the  report. 

Establish  capital  and  operating  costs  (Detailed  data  were  not  available). 

Establish   commercial   availability  of  chlorine  free   bleaching   processes  from   Union   Camp 

Technology  Inc. 

Background 

Union  Camp  Corp  (U-C)  has  four  kraft  mills  and  various  other  forest  products  operations.  The 
company's  two  bleached  kraft  mills  produce  a  total  of  slightly  over  one  million  tonnes/year 
bleached  kraft  pulp,  or  about  55%  of  Ontario's  bleached  kraft  pulp  production.  U-C  is  a  100  year 
old  US  corporation  that  has  t)een  manufacturing  pulp  and  paper  since  1937  at  Franklin.  1990 
sales  were  US$2.8  billion. 

The  Franklin  mill  Is  fully  integrated,  and  all  pulp  Is  bleached  for  manufacture  of  fine  paper  on  site. 
The  company's  other  bleached  kraft  mill,  at  Eastover  SC  manufactures  bleached  market  kraft  pulp 
with  two  bleach  lines,  both  OCdEDED. 

U-C  research  division  has  had  an  active  research  program  directed  toward  replacement  of  chlorine 
in  bleaching  for  about  ten  years,  with  as  many  as  40  dedicated  staff  on  the  project  at  times.  They 
concluded  that  ozone  dellgnification  following  oxygen  deiignification  was  the  best  approach.  In 
1987  they  built  a  25  tonne/day  pilot  ozone  bleaching  system  in  their  Eastover  SC  mill.  This  unit  is 
fed  by  oxygen  delignified  softwood  (southern  pine)  and  hardwood  (mixed  southern)  from  the  mill 
production  line,  and  the  ozone  delignified  pulp  Is  returned  to  the  main  production  line. 

In  June  1990  U-C  announced  the  investment  of  $158  million  In  a  new  900  tonne/day  bleach  plant 
at  their  Franklin  mill,  to  replace  two  40  year  old  conventional  design  bleach  plants  which  use  the 
CEDED  sequence. 


2 
UC  announcements  am  generally  in  US  units.  The  authors  have  converted  to  the  SI  system  used  in  this  report  where 

appropriate. 
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The  new  plant  will  use  the  OZED  bleaching  sequence  to  eliminate  the  use  of  chlorine  and  reduce 
the  use  of  chlorine  dioxide.  U-C  will  marked  the  associated  bleaching  know-how  under  the  name 
"C-FREE". 

The  authors  were  the  first  group  other  than  potential  customers  to  receive  approval  from  the 
company  for  the  Union  Camp  Technology  Incorporated  to  release  cost  and  performance 
information.  This  information  is  covered  by  the  normal  requirements  of  protecting  valuable 
commercial  and  technical  information. 

Ozone  delignification  process 

The  new  bleach  plant  at  Franklin  is  designed  to  bleach  900  tonne/day  southern  pine  kraft  pulp  to 
at  least  85  ISO  brightness  for  use  by  the  fine  paper  machines  on  site.  There  will  not  be  any  market 
pulp  production.  The  process  flowsheet  is  considered  confidential.  The  batch  digesters  will 
continue  as  the  source  of  pulp,  and  there  are  no  plans  to  install  extended  cooking  technology  as 
sold  by  Sunds  Inc.  and  Beloit  Inc. 

Pulp  washing  will  be  counter-current  from  the  ozone  stage  washer,  through  the  oxygen  stage,  to 
the  brownstock  washers  to  the  recovery  boiler.  All  the  organics  released  in  delignification  up  to 
and  Including  the  ozone  and  extraction  stages  will  be  destroyed  in  the  recovery  boiler,  and  the 
sodium  hydroxide  from  the  pre-bleaching  stages  will  be  recovered.  This  will  represent  about  9% 
more  organic  loading  on  the  recovery  boiler  and  an  increased  load  on  the  recausticising  and  lime 
kiln  areas  than  in  a  conventionally  designed  mill.  Refer  also  to  the  discussion  of  ozone  bleach 
plant  mass  balances  in  Chapter  6. 

Ozone  will  be  generated  on  site  by  a  commercially  available  ozone  generator.  The  design  of  the 
ozone  reactor  and  of  the  system  for  ozone  reactor  vent  gas  cleanup  and  recovery  is  considered 
proprietary  by  U-C.  Know-how  on  process  control  and  operating  strategy  is  also  proprietary  and 
will  be  available  only  to  licensees.  The  remainder  of  the  bleach  plant  will  follow  conventional 
design  for  a  modern  bleach  plant  preceded  by  oxygen  delignification. 

U-C  recommend  that  high  consistency  oxygen  delignification  be  used  rather  than  the  more 
popular  medium  consistency  systems,  since  greater  kappa  number  reductions  are  attainable  prior 
to  the  ozone  stage.  However,  they  are  prepared  to  guarantee  the  C-FREE  process  with  either 
medium  or  high  consistency  oxygen  delignification  preceding  it. 

U-C  agreed  that  the  use  of  extended  delignification  to  further  lower  Incoming  kappa  numbers  was 
desirable. 

U-C  is  not  prepared  to  release  mass  and  energy  balance  data,  but  have  presented  the  data  in 
Table  C.3  on  chemical  costs  and  effluent  characteristics  for  conventional  compared  with  C-FREE 
processes.  The  large  difference  between  conventional  and  OZED  bleaching  costs  would  be  much 
less  if  the  conventional  system  was  operating  according  to  the  normal  practices  prior  to  the 
discovery  and  concern  about  dioxins. 
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Table  C.3  Union  Camp,  Franklin, 

Comparison  of  conventional  and  C-FREE  bleaching 

Units 

CEDED 

OCD„ED 

OZED 

Bleach  plant  effluent  flow 

m-^/tonne 
pulp 

47 

16 

14 

Southern  pine  pulp  to  82  ISO  brightness 

TOX  In  pulp 

kg/t  pulp 

0.28 

0.13 

0.04 

TOX  in  bleach  plant  effluent 

kg/t  pulp 

6.5 

3.0 

0.08* 

Chloroform  generation 

kg/t  pulp 

0.18 

0.08 

0.002 

BOD  in  bleach  plant  effluent 

kg/t  pulp 

16 

7 

1 

Colour  (APHA  chloroplatinate) 

kg/t  pulp 

185 

42 

1.5 

Breaking  length 

km 

13.8 

12.4 

12.3 

Viscosity 

17 

13 

11 

Tear 

dm2 

111 

119 

124 

Bleaching  chemical  cost  ** 

$US/tonne 

50 

33 

17 

Mixed  southern  hardwoods  to  82  ISO  brightness 

TOX  in  pulp 

kg/t  pulp 

0.2 

0.12 

0.03 

TOX  in  bleach  plant  effluent 

kg/t  pulp 

3.0 

2.0 

0.06* 

Chlorofornn  generation 

kg/t  pulp 

0.18 

0.1 

0.002 

BOD  in  bleach  plant  effluent 

kg/t  pulp 

8 

4.5 

1 

Colour  (APHA  chloroplatinate) 

kg/t  pulp 

55 

12 

0.5 

•  Depends  on  amount  ot  chlorine  in  chlorine  dioxide 

**  At  typical  US  costs,  assuming  current  dioxin  control  measures  have  been  implemented.  Ontario  chemical  prices 

differ,  but  are  in  the  same  order  of  magnitude 

Source:  Union  Camp 

The  data  in  Table  C.3  are  based  on  bleaching  kraft  pulp  to  82  ISO  brightness,  since  this  is  the 
requirement  for  the  paper  machine  feedstock  at  Franklin.  Mills  manufacturing  market  pulp  would 
have  to  attain  about  90  ISO  brightness,  depending  on  specific  customer  requirements.  U-C 
advised  that  the  ceiling  brightness  for  the  OZED  sequence  has  been  found  to  be  86  ISO  in  tests. 
They  have  some  reasonable  and  acceptable  modifications  to  produce  market  pulp. 

U-C  have  no  explanation  for  the  much  greater  reduction  In  colour  than  In  total  organic  discharge 
shown  in  Table  C.3,  beyond  the  generally  known  fact  that  the  final  chlorine  dioxide  bleaching 
stages  operate  primarily  by  substitution  of  chromophores,  rather  than  by  dissolving  lignin  as 
occurs  in  earlier  stages  of  bleaching. 

Effluents 

The  Franklin  mill  has  a  rather  unique  effluent  discharge  permit,  since  no  discharge  whatsoever  is 
permitted  from  1st  May  till  31st  October  each  year,  and  a  stringent  recipient  dissolved  oxygen 
standard  must  be  respected  while  discharging  during  the  winter  period.  The  river  is  unusually 
small  for  a  kraft  mill  recipient,  with  a  minimum  monthly  average  flow  of  20  m^/second. 

The  mill  has  a  conventional  primary  treatment  system  followed  by  an  aerated  stabilization  basin 
which  is  reported  to  remove  50%  of  AOX.  The  average  effluent  flow  is  63  m^/t  finished  paper 
Annual  average  permitted  discharges  and  actual  discharges  are  shown  in  Table  C.4. 

The  low  BOD  and  TSS  discharges  are  probably  due  in  part  to  the  oxidation  of  organics  in  the 
storage  basins  which  must  hold  at  least  6  months  effluent. 
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Table  C.4  Union  Camp,  Franklin, 

Treated  effluent  discharges 

Permitted  kg/day 

Actual  kg/day          Actual  kg/t  paper 

BOD 
W8 

5500 
16,800 

1250 
2500 

0.74 
1.5 

•  Calculated  by  authors,  from  nominal  production  of  1700  tonne/day 
US  units  converted  to  Si  and  rounded  by  author 

The  mill  effluent  routinely  passes  an  acute  lethality  test  with  bullhead  minnow  as  the  test  organism. 

Effluent  samples  were  inspected  during  the  visit  that  supported  the  colour  reduction  to  the  extent 
that  colour  could  be  visually  evaluated. 

Commercial  status  of  C-FREE 

Union  Camp  Technology  Incorporated  was  formed  in  1991  to  market  and  support  the  "C-FREE" 
technology,  and  is  a  wholly  owned  subsidiary  of  Union  Camp  Inc.  C-FREE  refers  to  the  ozone 
based  kraft  pulp  bleaching  technology  being  developed  by  U-C  and  discussed  in  this  mill  visit 
report. 

3 

Union  Camp  and  Sunds  Defibrator  announced  a  marketing  alliance  In  March  1991  to  provide 
equipment,  technology  and  technical  support  for  the  C-FREE  process.  They  are  currently 
prepared  to  sign  supply  contracts  with  pulp  and  paper  companies,  but  had  not  yet  done  so  at  the 
time  of  the  author's  visit. 

The  U-C  pilot  plant  is  available  for  testing  customer's  pulps  to  minimize  engineering  uncertainties, 
and  U-C  support  will  include  training  of  customer's  operators  at  their  Franklin  plant. 

Conclusions 

The  data  available  on  the  C-FREE  process  indicate  that  it  is  technically  capable  of  producing  fully 
bleached  kraft  pulp,  while  discharging  lower  quantities  of  organochlorines,  BOD  and  colour,  than 
any  currently  proven  process  for  bleaching  kraft  pulp.  The  data  presented  by  U-C  is  consistent 
with  laboratory  data  published  by  independent  researchers.  However  the  C-FREE  process  has  not 
yet  been  proven  on  a  commercial  scale  or  supported  by  publicly  available  data,  so  it  cannot  be 
considered  as  "proven  technology"  as  defined  in  the  mandate  for  this  report. 

The  extent  of  research  and  the  commitment  of  US$158  million  to  construct  the  900  tonne/day 
bleaching  line  at  Franklin  demonstrates  that  the  process  merits  serious  consideration  as  a  means 
of  improving  effluent  quality,  and  could  be  adopted  by  some  Ontario  companies  to  comply  with 
the  pending  Ministry  of  the  environment  regulations.  Full  scale  data  on  operations  and  effluent 
quality  should  be  available  in  late  1992.  There  Is  no  possibility  of  full-scale  data  being  available 
before  September  1992,  so  that  the  earliest  that  a  full  year  of  data  could  be  available  would  be 
September  1993. 


3 
A  major  manufacturer  of  pulp  bleaching  and  mechanical  pulping  equipment,  tiased  in  Sweden,  but  also  well  established 

in  North  America.  Sunds  have  provided  approximately  70%  of  the  20  oxygen  delignification  systems  in  North  America, 

including  5  in  Canada,  and  will  furnish  the  principal  process  equipment  for  the  ozone  bleach  system  at  Franklin. 
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U-C  consider  much  of  their  technology  to  be  proprietary,  so  that  ir>dependent  confirmation  of  their 
research  conclusions  will  be  available  only  to  licensees.  If  several  kraft  pulp  manufacturers  elect  to 
become  licensees,  install  the  C-FREE  process  full  scale,  and  assume  the  related  financial 
commitments,  then  the  associated  commitments  to  the  regulatory  authorities  could  perhaps 
provide  the  necessary  independent  confirmation  of  the  feasibility  and  performance  of  the  C-FREE 
process  before  September  1993. 


September  1,  1991. -30- Union  Camp  Corp.,  Franklin.  Virginia 

Fft  Kb  III.  wnc  ooc  III  Appendix  C 


N.  McCubbin  Consultants  Inc.  BAT  Definition  Study,  Pulp  and  Paper  Sector 


Aspa,  Sweden 

The  Munksjo  mill  at  Aspa  produces  market  kraft  pulp,  and  Is  of  particular  interest  because  of 
extensive  studies  and  full  scale  trials  carried  out  over  the  past  few  years  on  alternative  means  of 
reducing  organochlorines.  The  results  of  these  studies  have  been  made  public,  and  aspects  of 
interest  to  Ontario  mills  are  summarized  below. 

Aspa  Bruk"  has  a  unique  full-scale  pilot  bleaching  system  to  manufacture  chlorine-compound-free 
semi-bieached  kraft  pulp.  The  mill  management  would  not  permit  a  visit  by  the  project  team,  as 
they  consider  that  their  manufacturing  know-how  is  a  competitive  advantage.  The  following 
information  was  collected  from  data  in  the  public  domain,  principally  in  the  hands  of  the  Swedish 
regulatory  authorities.  {Refer  also  to  comments  on  the  Lignox  process  in  Chapter  6  of  the  report). 

Munksjo  Aspa  Bruk  is  situated  at  the  Northern  part  of  Lake  Vattern  and  produces  softwood  kraft 
pulp  through  continuous  cooking  (360  tonnes  per  day).  In  1988  they  changed  their  bleach 
sequence  from  0  (CgsDis)  (EP)  D  (EP)  D  to  0  (C75D25)  (EOP)  D  (EP)  D,  and  their  current  permit 
allows  the  mill  to  continue  this  operation.  They  have  a  permit  to  discharge  3.0  kg  TOCP  per  tonne 
pulp  from  July  1989  which  must  be  reduced  to  1.5  kg  TOCI  per  tonne  pulp  by  January  1992.  The 
effluent  is  treated  in  a  primary  clarifier,  but  there  is  no  biological  treatment.  At  the  time  of  the 
contact,  the  company  had  no  plans  for  installing  secondary  treatment  in  the  near  future.  Table  C.5 
summarizes  the  1990  data  for  Aspa  Bruk,  as  reported  to  the  Swedish  regulatory  authorities. 

Table  C.5  Aspa  Bruk,  Effluent  data  ,  1990 

Tonne/year Tonne/day Kg/tonne 


Production 

Bleached  kraft 

94,586 

Lignox  pulp  150  70 

9.372 

Unbleached  kraft 

8.408 

Kappa  29 

Process  water  (m^) 

COD 

5,100 

BOD, 

1,590 

TSS^ 

319 

AOX 

201 

Tot-N 

19 

Tot-P 

5 

39,567  117 

16  46 

4.8  14.2 

0.96  2.8 

0.61  2.1 

0.057  0,168 

0.015  0.044 


A  dicxin  analyses  from  1 988  did  not  reveal  any  content  { <  0.6  ppt  TCDD  (Eadon.  refer  to  TEQ  table  in  Chapter  4)). 
332  operating  days.    Source:  Data  reported  to  Swedish  regulatory  authorities.  (Lensstyrelsen). 


"  'Bruk'  is  Swedish  for  mill,  and  appears  frequently  as  part  of  mill  names. 

^  TOCI  or  Total  Organically  bound  Chlorine  was  one  of  the  earlier  ways  of  quantifying  the  organochlorlne  content  of  pulp 
mill  wastes,  ft  has  largely  been  supplanted  by  the  AOX  analysis  which  is  used  in  Ontario  and  most  of  North  America. 
There  is  no  absolute  correlation  ttetween  these  methods,  but  it  Is  reasonable  to  assume  that  the  measured  AOX 
concentration  of  a  sample  will  be  about  20%  higher  than  the  TOCI  (Bonsor  1988.  p  176). 

^  TSS-^Q  is  suspended  material,  that  will  tie  caught  in  a  70  urn  wire  filter  (not  to  be  confused  with  the  TSSqpq  procedure 
universal  in  North  America,  which  would  give  substantially  higher  results  for  the  same  effluent  sample) 
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Ljgnox 

The  Lignox  process  was  developed  by  EKA-Nobel,  a  major  supplier  of  technology  and  chemicals 
to  the  pulp  and  paper  industry.  The  authors  of  this  report  recognize  that  EKA,  or  associated 
organizations,  are  proprietors  of  the  process,  and  the  description  herein  is  purely  for  readers 
information.  Refer  to  Chapter  6  in  the  body  of  the  report  for  a  typical  flowsheet  and  general 
process  description. 

Aspa  Bruk  is  presently  running  the  Lignox  plant  on  an  experimental  basis,  in  that  they  did  not  have 
the  operation  permit  at  the  time  of  writing  {March  1991).  Aspa  Bruk  is  continuously  working  on 
quality  and  economy  improvements,  especially  improved  delignification  in  the  first  EP-stage  by 
increased  retention  time  and  with  a  higher  consistency. 

Other  processes  investigated 

The  Aspa  mill  is  an  excellent  source  of  information  on  current  Swedish  technology,  since  extensive 
studies  on  alternative  ways  of  protecting  the  local  receiving  waters  have  been  undertaken  and  the 
results  published.  The  information  relevant  to  Ontario  Is  summarized  below 

Prenox 

Munksjo  Aspa  Bruk  has  evaluated  the  possible  use  of  the  Prenox  process  in  a  500  tonnes  per  day 
plant.  This  would  allow  the  operation  of  their  oxygen  delignification  system  to  produce  a  lower 
Kappa  number  pulp  than  at  present  ,  Capital  costs  were  estimated  to  be  $40  million.  Operating 
costs  were  estimated  to  be  $16/tonne.  They  estimated  a  design  and  construction  period  of  24  to 
30  months  followed  by  an  implementation  period  of  36  to  42  months  at  the  cost  of  $2  million. 

The  predicted  effect  on  the  effluent  was  a  reduction  in  TOCI  from  1.5  to  1.0  kg/tonne.  Biological 
treatment  could  further  reduce  the  TOCI  betow  0.5  kg/tonne.  The  Munksjo  Aspa  Bruk  considers 
the  Prenox  process  technically  risky  and  financially  unattractive.  (Munksjo  Aspa  Bruk,  1990-05-15, 
Appendix  2.) 

100  %  CIO2  substitution 

A  number  of  full-scale  experiments  have  been  conducted  between  May  88  and  February.  90 
substituting  100%  chlorine  with  chlorine  dioxide.  The  results  showed  a  significantly  increased 
demand  for  active  chlorine  from  50  to  55  kg/tonne  to  65  kg/tonne  pulp.  These  experiments  were 
conducted  for  periods  of  under  24  hours  6ue  to  the  limited  capacity  of  the  chlorine  dioxide  plant. 

When  the  Kappa  number  of  the  oxygen  delignified  pulp  entering  the  bleach  plant  is  18  the 
increased  costs  of  operation  amount  to  approximately  $20/tonne.  If  the  Kappa  number  of  the 
incoming  pulp  is  above  18  then  a  fully  bleached  pulp  could  not  be  achieved.  (Many  North 
American  mills  successfully  produce  fully  bleached  market  kraft  pulp  using  100%  substitution  of 
chlorine  by  chlorine  dioxide,  even  when  the  Kappa  number  of  the  Incoming  pulp  Is  over  30. 
Presumably  the  failure  at  Aspa  Bruk  was  due  to  equipment  limitations) 

The  AOX  level  after  this  was  slightly  above  1  kg/tonne  (a  reduction  of  approximately 
0.5  kg/tonne),  but  the  chlorate  discharge  increased  to  approximately  7  kg/tonne. 
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The  effect  of  100%  chlorine  dioxide  substitution  on  the  COD  level  was  insignificant. 
Extended  cooking 

Lower  Kappa  numbers  which  can  be  achieved  by  the  implementation  of  extended  cooking 
technology  without  affecting  the  pulp  strength  would  be  desirable.  A  retrofit  at  Aspa  has  been 
estimated  to  cost  around  $4  million.  However,  the  length/diameter  ratio  of  the  digester  is 
relatively  high  at  Aspa,  which  could  make  it  very  difficult  to  modify  successfully,  so  this  relatively 
low  estimate  must  be  questioned.  {The  authors  of  this  report  concluded  that  the  only  technically 
proven  means  of  attaining  the  maximum  benefits  from  modern  extended  cooking  technology  is  to 
install  a  new  digester).  Munksjo  is  considering  other  approaches. 

Ultrafiltration 

The  principle  would  be  to  install  ultrafiltration  on  the  Ei  bleach  plant  effluent,  and  recycle  the  filtrate 
to  the  evaporator  system  and  eventually  incinerate  the  chlorine  containing  material  in  the  recovery 
boiler.  Such  a  system  was  installed  at  the  MoDo  mill  at  Husum,  Sweden  in  1988  on  a  softwood 
bleaching  line.  It  consisted  of  4  CR-1000  filters  {ABB  Water  Filtration  of  a  capacity  of  50  m^  each). 
The  filtrate  is  burned  in  the  recovery  boiler.  The  flux  is  200  to  250  L/m^  and  the  efficiency  of  AOX 
and  COD  removal  is  50%  to  60%  {200  m^  of  polysuifon  membranes  with  cut-off  at  Mm  25,000).  At 
Husum  they  do  not  consider  this  to  be  commercially  acceptable  yet,  but  they  expect  the  system  to 
be  so  in  the  near  future.  The  key  problem  is  the  cost  of  membrane  replacement.  Initially  they  had 
difficulties  with  membrane  stability.  They  feel  that  they  have  solved  most  of  those  problems  and 
now  they  expect  an  operating  time  of  two  years  between  membrane  changes.  They  had  to  install 
facilities  for  membrane  back-wash  during  operation  as  membranes  tended  to  plug.  They  also  had 
to  implement  a  water  consen/ation  program  for  the  bleach  plant  in  order  to  reduce  the  amount  of 
water  to  be  treated. 

Capital  costs  for  such  a  system  at  Aspa  have  been  estimated  to  be  $8  million;  operating  costs 
have  not  been  estimated. 

The  effect  on  AOX  discharge  would  depend  on  the  starting  level.  If  this  level  is  high,  as  in  the  case 
of  MoDo  Husum,  a  significant  reduction  can  be  expected,  whereas  a  low  starting  level,  as  in  the 
case  of  Aspa  Bruk,  may  result  in  only  minor  reductions.  The  COD  discharge  from  the  stream 
concerned  may  be  halved. 

At  Aspa,  the  recovery  boiler  does  not  have  corrosion  resistant  materials  in  the  furnace  and  there  is 
no  scrubber  installed  for  HCI  recovery.  In  addition,  AOX  discharges  were  already  low,  so  this 
option  was  not  considered  further. 

Chemically  aided  coagulation 

Coagulation  agents,  such  as  alum,  may  reduce  AOX  by  as  much  as  50%  at  a  cost  in  the  order  of 
$10/tonne,  according  to  Munksjo.  However,  the  capital  cost  may  be  $20  million,  and  the 
generation  of  substantial  amounts  of  difficult-to-dewater  sludge  would  create  a  disposal  problem. 
Therefore,  this  option  was  rejected  by  the  company.  Aspa  also  tried  a  polymer  (Naico  Chemical 
No.  7871)  and  reported  no  effect  at  all. 
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Iggesund,  Sweden 

Iggesunds  Bruk  is  situated  at  the  Iggesunds  fiord  north  of  Stockholm.  In  1989  they  produced 
272.800  tonnes  of  bleached  pulp  (softwood  and  hardwood)  and  234,200  tonnes  of  paper.  The 
market  bleached  kraft  is  all  softwood.  They  are  equipped  with  continuous  cooking  but  no  oxygen 
delignlfication.  All  pulp  is  bleached  to  88%  ISO  in  the  sequence  (CJ)^)  E(P)  D  E(P)  D.  The 
Kappa  number  of  softwood  prior  to  bleaching  is  31  and  19  for  hardwood.  All  effluent  is  treated  In 
an  aerated  stabilization  basin  except  for  20%  of  the  bleach  effluent  which  is  discharged  directly  to 
the  sea.  Until  1988  they  discharged  4.3  kg/ADt.  then  increased  the  amount  of  chlorine  dioxide  in 
the  first  stage  by  5%  and  the  AOX  in  the  effluent  was  reduced  to  to  3.2  kg/ADt.  Because  of  more 
stringent  regulations,  they  had  to  build  a  new  bleach  plant  which  will  start  up  this  year.  Thereafter, 
softwood  kraft  will  be  cooked  in  an  MCC  system,  hardwood  in  a  slightly  changed  existing  digester, 
all  pulp  will  be  oxygen  delignifted,  and  all  effluent  will  be  biologically  treated.  Table  C.6 
summarizes  the  1989  data  for  Iggesund  Bruk. 

Table  C.6  Iggesund  Bruk,  Effluent  data,  1989 


Tonne/year 

Tonne/day 

Kg/tonne 

Production 

Bleached  kraft 

272,400 

Process  water  (m^/day) 

130,000 

160 

COD 

19,000 

55 

71 

BOD; 

2,000 

5.6 

7.3 

TSS 

2.100 

5.9 

7.7 

AOX 

910 

2.500 

3.3 

Tot-N 

160 

0.450 

0.590 

Tot-P 

18 

0.050 

0.066 

357  operating  days.   Source:  SNV,  1989.7 


^The  1990  data  was  not  available  at  the  time  of  the  report  writing.  AOX  figures  in  particular  are  expected  to  be  much  lower 
when  the  new  bleach  line  comes  into  operation. 
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Korsnas,  Sweden 

Korsnasverket  is  situated  in  the  eastern  part  of  Gavie  north  of  Stockholm,  In  1989,  the  mill 
produced  538,700  tonnes  of  pulp  (2/3  of  which  was  bleached),  and  also  421 ,900  tonnes  of  paper. 
Continuous  cooking  is  used  for  softwood  (Kappa  33)  and  batch  cooking  for  hardwood  (17).  The 
softwood  kraft  was  bleached  in  the  sequence  CEHDD  and  the  softwood  (Cgf^  +  D,^)  EHDD,  both  to 
89%  ISO.  The  company  was  required  to  reduce  the  AOX  from  5.5  kg/ADt  in  1987  to  1,5  kg/ADt 
after  January  1991.  MCC  technology  was  installed  in  1989  to  be  used  for  both  softwood  and 
hardwood.  A  new  bleach  plant  was  constructed  in  1989  with  the  sequence  0  O  Cj^/D^q  EO  D  D. 
According  to  the  president  of  the  company  they  are  now  using  100%  chlorine  dioxide,  and  all 
effluents  are  treated  in  an  ASB.  Table  C.7  summarizes  the  1989  data  for  Korsnasverket. 

Table  C.7  Korsnasverket,  Effluent  data,  1989 


Tonne/year Tonne/day Kg/tonne 


Production 

Total  kraft 

538,700 

Bleached  kraft 

299,700 

Unbleached  kraft 

239,000 

Total  paper 

421,900 

Process  water 

(m^/day) 

COD 

27.000 

BOD, 

6,000 

TSS 

5,700 

AOX 

750 

Tot-N 

330 

Tot-P 

28 

230,000  140 

80 
18 

17  13 

2,200  2.5 

0,980  0.340 

0.082  0.029 


342  operating  days.   Source:  SNV,  1989^. 


*  Data  for  1990  not  available  at  the  time  of  writing  this  repon.   However  the  data  Is  anticipated  to  be  significantly  lower  lor 
the  year  1990  because  of  the  new  bleach  plant. 
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Monsteris,  Sweden 

MonsterSs  Bruk  is  situated  at  Kaimersund  50  l<m  north  of  Kalmar  and  produces  softwood  and 
hardwood  bleached  l<raft  market  pulp  through  continuous  cooking  (940  tonnes  per  day). 
MonsterSs  was  built  in  1958,  with  a  major  modernization  In  1979.  During  the  80s  several 
modifications  of  the  production  line  were  carried  out,  especially  in  the  bleach  plant.  In  1989  the 
total  production  amounted  to  335,900  tonnes.  Originally  they  produced  only  softwood  pulp  but 
since  1982  they  are  producing  both  softwood  and  hardwood  pulp  by  separate  runs.  The 
relationship  between  the  softwood  and  hardwood  pulp  depends  on  the  market,  and  in  the  recent 
years  bleached  softwood  kraft  tended  to  be  slightly  more  marketable  than  the  hardwood.  All  pulp 
is  bleached  in  the  same  line  {O  [OJC,^  +  DJ  (EOP)  D  (EP)  D)  to  89%  to  90%  ISO.  The  brown 
stock  softwood  pulp  has  a  Kappa  number  of  28  and  oxygen  delignlfication  reduces  this  to 
Kappa  20.  Hardwood  brown  stock  is  reduced  from  17  to  12.5  during  oxygen  delignlfication. 
Table  C.8  summarizes  the  1989  data  for  f^onsterSs  Bruk. 


Table  C.8  Monsteriis,  Effluent  data,  1989 


Tonne/year 

Tonne/day 

Kg/tonne 

Production 

Bleached  kraft 

335.900 

Process  water 

softwood 

27,000  (m3/d) 

50 

hardwood 

27,000  (m3/d) 

SO 

COD 

softwood 

4,800 

14 

26 

hardwood 

2,700 

7.9 

18 

BOD, 

softwood 

160 

0.48 

0.89 

hardwood 

120 

0.35 

0.79 

TSS« 

softwood 

91 

0.26 

0.49 

hardwood 

75 

0.22 

0.49 

AOX 

softwood 

190 

570 

1.1   '0 

hardwood 

100 

290 

0.66 

Tot-N 

softwood 

47 

0.140 

0.260 

hardwood 

38 

0.110 

0.260 

Tot-P 

softwood 

24 

0.70 

0.130 

hardwood 

20 

0.74 

0.130 

343  operating  days.   Source 

SNV,  1989. 

MonsterSs  Bruk  have  applied  for  permission  to  construct  another  bleached  kraft  line  with  a 
capacity  of  450,000  tonnes  a  year  on  the  same  site,  which  together  with  a  small  expansion  of  the 
existing  line  will  bring  the  total  production  capacity  up  to  800,000  tonnes  per  year.  At  this  time  the 


^  TSSjQ  is  suspended  material  that  will  be  caught  in  a  70  urn  wire  fifter.    It  would  be  substantially  higher  if  determined 
according  to  the  APHA  procedure  used  in  Ontario.  Refer  to  discussion  on  TSS  in  Chapter  4. 

^°  The  relationship  t>etween  softwood  /hardwood  discharges  . 
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existing  line  will  bring  the  total  production  capacity  up  to  800,000  tonnes  per  year.  At  this  time  the 
project  is  known  to  be  delayed  until  probably  1996  due  to  soft  pulp  prices.  The  company  expects 
to  be  able  to  build  a  r>ew  line  and  make  enough  process  Improvement  to  the  existing  line  to  ensure 
that  the  overall  pollution  burden  in  terms  of  AOX,  COD  and  chlorate  will  remain  unchanged. 
I.e.  that  the  production  of  800,000  tonnes  per  year  should  have  the  same  total  pollution  burden  for 
these  variables  as  the  existing  335.000  tonnes  per  year.  It  may  be  of  Interest  to  this  project  to  have 
a  brief  look  at  the  technology,  retrofit  as  well  as  new,  that  wHI  be  applied  to  achieve  this. 

The  present  lines  are  operating  with: 

Treatment  of  corxJensales 

Extensive  spill  control 

Oxygen  dellgnification  (Kappa  =  20  for  softwood  and  12.5  for  hardwood) 

3  stage  post  oxygen  washing 

Bleach  plant  with  sequential  addition  of  chemicals 

Low  multiple  chlorination 

Oxygen  arxl  HjOj^errforced  extraction  (EOP  D  EP  D) 

High-performance  mixer  in  the  D-stages 
Aerated  stabilization  basin  treatment. 

The  company  plans  to  make  the  following  process  changes: 

Extended  dellgnification  (MCC),  if  a  retrofit  Is  possible  wtihout  buying  a  new  digester 
Improved  brown  stock  washing  prior  to  the  O-stage 

Further  modifications  in  the  bleach  plant;  e.g.  higher  chlorine  dIoxkJe  substitution,  or  even 
ozone  or  lignox,  if  these  techniques  prove  efficient.  The  possibility  of  UV-fHtration  of  the 
Ei-stage  was  considered,  but  Is  presently  abandoned. 

The  new  line  will  be  built  according  to  the  same  principles  as  the  modified  existing  one,  only  the 
new  line  is  expected  to  be  even  more  environmentally  efficient  due  to  the  installation  of  completely 
new  equipment. 

The  existing  aerated  stabilization  basin  Is  expected  to  be  upgraded  to  an  activated  sludge  plant. 
The  existing  ASB  has  a  COD  removal  efficiency  of  45%  and  an  AOX  removal  efficiency  of  50%. 
The  reason  for  this  particuiariy  good  AOX  removal  is  stated  to  be  due  to  the  in-plant  modifications. 
Oxygen  dellgnification  lowers  the  need  for  chlorine  chemicals  and  consequently  the  overall 
chlorirration  ratio  of  the  AOX  goes  down.  This  results  in  the  AOX  being  easier  to  treat  biologically 
and  more  can  be  removed  In  the  treatment  plant. 

The  overall  performance  standard  for  the  new  mill  is  predicted  to  be: 


AOX 

0.4-0.6 

kg/ADt 

Chlorate 

0.4-0.6 

kg/ADt 

COD 

20-23 

kg/ADt 

TSS 

<0.2 

kg/ADt 

Tot-N 

0.2-0.3 

kg/ADt 

Tot-P 

0.05-0.15 

kg/ADt 
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It  should  be  emphasized  that  not  all  of  the  techniques  proposed  by  MbnsterSs  are  proven 
technologies  today,  and  the  mill  is  not  committed  to  exactly  what  they  have  proposed  at  this  stage 
of  the  project. 

As  part  of  the  material  to  back-up  the  application,  MonsterSs  submitted  two  reports  from  the  SSVL 
project  Environment  90  (SSVL  1990)  in  which  they  participated  anonymously.  Two  samples  from 
MonsterSs  were  submitted,  i.e.  before  and  after  biological  treatment.  At  the  time  of  sampling  they 
produced  extra  high  tear  strength  pulp  (T-pulp)  using  the  bleach  sequence  0  (D^^,  C^^  +  D^) 
(EOP)  D  (EP)  D.  The  chlorine  multiple  was  0.13  for  the  effluent  sample  collected  prior  to  treatment 
and  0.14  for  the  post-treatment  sample.  The  characteristics  of  the  pulp  are  summarized  in 
Table  C.9  as  obtained  by  the  operating  conditions  stated  in  Table  CIO.  The  effluent  samples  went 
through  prottably  the  most  extensive  chemical  characterization  ever  done  on  a  pulp  mil!  effluent.  A 
few  of  the  chemical  results  are  summarized  in  Table  C.  1 0. 

The  chemical  characterization  also  Included: 

Chlorinated  phenolics 

Chlorinated  acetic  acids 

Fatty  and  resin  acids 

Chlorinated  acetones 

Chloroform 

1 , 1  -dichlorodimethylsutfon 

Chlorinated  verathroles 

PCDD/PCDF's 

Other  lipophilic  pollutants 

Stable  lipophilic  pollutants 

Molecular  mass  distributions 

Oxidative  degradation  and  analyses  of  high  molecular  mass  AOX. 

The  results  show  that  mainly  dtchlorinated  phenolics  are  formed  (approx  27  g/ADt)  with  less 
monochlorinated  (approx  7  g/ADt)  and  trichlorlnated  (approx  1 0  g/ADt)  and  hardly  any 
tetrachlorinated  during  bleaching.  Results  also  indicate  that  monochlorinated  phenolics  are 
virtually  eliminated,  dichlorinated  phenolics  are  reduced  to  one-third,  whereas  tri-  and 
tetrachlorinated  phenolics  resist  biological  degradation  in  aerobic  stabilization  basin  treatment. 
The  latter  types  of  phenolics  are  by  far  the  most  hazardous  fraction.  The  total  reduction  of 
chlorophenolics  during  ASB  treatment  was  58%.  The  types  of  chiorophenolics  are  derived  from 
phenols,  guaiacds,  catechols  and  vanillins  as  could  be  expected  from  softwood  pulping.  The  total 
level  of  chlorinated  phenolics  (40  to  45  g/ADt)  is  significantly  lower  than  reported  from  bleach 
plants  without  0-stages  (80  to  250  g/ADt). 
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Table  C.9  Monsteris,  Pulp  characteristics  corresponding  to  effluent  samples 

Pulp  sample  from  Pulp  sample  from 

"before  treatment"  "after  treatment" 


Unbleached  pulp  after  washing 

Kappa  number 
Viscosity  (dm^/d) 
Pitch  (%) 

Oxygen  delignified  pulp 

Kappa  number 

Viscosity  (dm^/d) 

Sodium  carry-over  (NaSO^  kg/ADt) 

COD  carry-over  (kg/ADt) 

BOD^  carry-over  (kg/ADt) 

Pitch  (%) 

Bleached  pulp 

Kappa  number  after  EOF 

Brightness  after  01   (ISO) 

Final  brightness  after  TM  (ISO) 

Viscosity  (dm^/d) 

Pitch  (%) 


28 
1210 
0.05 


21 

1100 
4^ 

3 

2 
0.04 


3.5 
82.1 
90.5 

980 
0.03 


28 
1160 
0.05 


20 
1150 
5-€ 

5 

2 
0.04 


3.5 
81.4 
90.2 
937 
0.03 


Source:  SSVL90. 


Table  C.10  MonsterAs,  Bleaching  conditions  corresponding  to  effluent  sampling 

kg/ADt  Pulp  sample  from        Pulp  sample  from 

"before  treatment"         "after  treatment" 


0-stage 

NaOH 
Oxygen 

Bleaching  (O  (D„,  C,,+D5)(E0P)  D(EP)D) 

Pulp  (ADt/h) 

Chlorine  in  C  +  D 

Chlorine  multiple  (act.  CI/ADt,kappa 

Chlorine  dioxide  pretreatment 

Chlorine  dioxide  in  C  +  D 

Percent  CIO^  In  (D,  C  +  D) 

Active  chlorine  multiple 

Oxygen  in  EOP 

Chlorine  dioxide  in  D1 

Chlorine  dioxide  in  D2 

Total  chlorine  dioxide 

Total  sodium  hydroxide 

Total  hydrogen  peroxide 

Oxidation  equivalents  (OXE/ADt) 


6 
99 


44.3 
19 
0.9 
6.9 
1.4 
30 
1.3 
6.1 
16 
6 

30 

26 

2.0 

3390 


8 
10 


39.5 
21 

1.0 
7.6 
1.4 
30 
1.5 
5.4 
15 
6 
30 
26 
2.1 
3470 


Units  in  above  table  are  kg/AD  tonne  pulp,  unless  noted  otherwise. 
Source:  SSVL  90. 
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Table  C.11  Monsterfts,  Effluent  before  and  after  ASB  treatment 


kg/ADt 


Before  treatment 

After  treatment 

50 

50 

18 

18 

61 

28 

11 

1.2 

2.1 

1.3 

1.6 

1.2 

1.1 

0.9 

0,5 

0.3 

2.7 

0.1 

80 

m 

7:8 

7.2 

Row  (m^/ADt) 

Sodium 

COD 

BOD, 

AOX 

Toa 
oa  <  1000 

OCI  <  1000 
Chlorate 
Colour  Pt 
£H 


Source:  SSVL90. 


Dl-  and  tetrachlorinated  acetic  acids  (approx  64  g/ADt)  are  virtually  eliminated  during  biological 
treatment,  but  these  levels  are  even  significantly  lower  before  biological  treatment  than  previously 
reported  values  (300  to  1200  g/ADt). 

A  major  fraction  of  the  toxicity  to  fish  originates  from  fatty  and  resin  acids.  About  14  g/ADt  of 
resins  acids  (0.2  g/ADt)  are  dichlorodehydroabietic  acid,  8  g/ADt  of  saturated  fatty  acids  and 
1  g/ADt  of  unsaturated  fatty  acids  are  reported  in  the  untreated  effluent.  Resin  acids  and 
unsaturated  acids  are  reduced  below  1  g/ADt,  whereas  saturated  fatty  acids  are  reduced  only  to 
5  g/ADt. 

7  g/ADt  of  chloroform  was  reported  in  the  untreated  effluent,  but  this  was  eliminated  during  ASB 
treatment  {<0.1  mg/ADt).  9.5  g/ADt  of  1,  1-dichlorodimethylsulfon  (CHCI^SO^CHg)  was  found  in 
the  untreated  effluent,  and  this  was  only  reduced  to  6.5  g/ADt  with  treatment  (30%  reduction). 
Only  very  low  levels  of  chloroacetones  were  found  in  the  input  stream,  but  none  in  the  effluent. 
Chlorinated  verathroles  were  not  found  in  the  effluent  as  could  be  suspected  from  the  work  of 
Nielson  (Folke  1991). 

The  level  of  PCDD/PCDF  was  0.02  ug/ADt  Eadon  or  0.04  ug/ADt  Nordic  equivalents  in  the 
untreated  effluent.  The  effect  of  biological  treatment  is  uncertain.  In  the  first  sampling,  significantly 
higher  levels  were  found  in  the  treated  effluent,  but  this  was  not  the  case  in  a  repeat  sampling. 
Normally  PCDD/PCDF  are  associated  with  the  sludge,  and  poor  TSS  control  may  lead  to 
unexpected  high  levels  in  the  effluent.  Whether  this  was  the  case  has  not  been  established. 

Extractable  organochlorines  (EOCI)  using  hexane  and  persistent  extractable  organochlorines 
(EPOCI)  (treatment  with  sulphuric  acid  adsorbed  to  kisel  gel)  were  also  analyzed.  EOCI  was 
reduced  from  8.5  g/ADt  to  1.5  g/ADt  during  treatment  whereas  EOPCI  remained  approximately 
the  same  at  0.5  g/ADt.  Earl  and  Reeve  (1989,  1990)  reported  laboratory  values  for  EOCI  being 
closely  related  to  the  amount  of  chlorine  used  in  the  flrst  bleaching  stage.  The  sequence  DgQC^^E 
on  a  Kappa  30  unbleached  pulp  and  a  chlorine  multiple  of  0.14  resulted  in  EOCI  12  g/ADt  being 
formed  (Earl  1989.  1990)  . 

Round  60  lipophilic  pollutants  were  identified  by  GC/MS  analysis.  Most  of  these  are  reduced 
significantly  during  biological  treatment,  but  higher  chlorinated  ones  tend  to  be  more  stable. 
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Treatment  with  sulphuric  acid  eliminated  most  of  the  lipophilic  compounds  except  chlorinated 
phenolics,  chlorinated  and  non-chlorinated  p-cymens  and  trimethyl-2-cyclopentenon. 

An  atomic  analysis  of  the  high-mass  fraction  of  AOX  gave  the  following  elementary  composition: 

Untreated:  C,,, H3,  ^ N, ,  0,, , S,, CI, , Na,, Ca,_, 
Treated:  C^^.H^^,  N^oO^.^S.^CI, ,Na,,Ca, , 

Apart  from  insignificant  hydrolysis,  biological  treatment  does  not  seem  to  affect  the  elementary 
composition  of  this  high-mass  material.  An  oxidative  degradation  and  subsequent  analysis  of 
aromatic  carboxylic  acids  revealed  the  same  kind  of  aromatics  as  are  the  precursors  for  the 
ch!orophenolics.  There  were  insignificant  differences  in  the  findings  between  the  treated  and 
untreated  effluent.  Molecular  masses  show  maxima  in  the  range  from  1,500  to  15,000  for  both 
treated  and  untreated  effluents.  The  chlorination  ratio  of  aromatic  structures  is  somewhat  lower  for 
this  high-mass  material  than  for  low-mass  compounds. 

The  treated  and  untreated  effluents  were  subsequently  characterized  ecotoxicologically  by  the 
Swedish  Environmental  Protection  Board  Laboratory  in  collaboration  with  the  Universities  of 
Gothenburg  and  Uppsala: 

Microtox  (100%  effluent) 

5  to  9  weeks  physiological  test  on  rainbow  trout  (1 00,  500,  2500  times  dilution). 

Microtox  test  resulted  in  ^C^^^  ^^^  =  22.9%  for  untreated  effluent  and  >100%  for  treated  effluent. 
The  conclusions  from  tests  on  rainbow  trout  were  reported  to  be  somewhat  uncertain.  The  overall 
picture  shows  weak  effects  only  in  the  highest  concentration  (100  times)  on  growth  (also  after 
500  times  dilution),  the  number  of  red  blood  cells,  (detoxification)  enzymes  in  liver  and  kidney, 
muscle  glycogen  and  blood  lactate.  However,  it  is  reported  that  biological  treatment  diminish  the 
strength  of  the  effects. 

The  Environmental  Research  Group  (MFG)  has  conducted  an  extensive  assessment  of  the  impact 
of  the  present  production  in  the  receiving  waters  (MFG  1990).  Control  programs  for  the  receiving 
waters  have  been  earned  out  since  the  plant  came  into  operation  in  1958.  Shortly  after  the  new 
plant  came  into  operation  in  1979  damages  were  reported  in  the  vicinity  of  the  outfall,  and  when 
Increased  chlorine  dioxide  substitution  was  used  in  1982  the  bladder  wrack  was  killed  in  a  12  km^ 
area.  This  seriously  affected  the  whole  ecosystem  in  an  even  larger  area.  Testing  done  by  MFG  in 
model  ecosystems  from  1983  to  85  revealed  that  chlorate  was  the  substance  that  caused  this 
effect  (MFG  1988).  Until  1985  the  chlorate  was  discharged  at  a  rate  of  3  tonne/day.  Today  the 
amounts  are  less  than  0.1  tonne/day  due  to  changes  in  the  first  bleaching  stage  (25%  of  the  CIO^ 
are  charged  in  a  prechlorination  tower)  and  the  operation  of  the  aerated  stabilization  lagoon  with 
an  anoxic  zone.  However,  this  situation  complicated  the  impact  assessment  of  today's  production 
as  the  receiving  waters  had  not  yet  recovered  completely.  Advanced  ecotoxicological  techniques 
had  to  be  used  to  eliminate  the  historical  damage  from  the  potential  impact  of  today's  operation. 
Including  transplant  experiments  of  fish  and  bladder  wrack.  The  main  conclusion  reported  was 
that  today's  operation  does  not  affect  the  structure  and  functioning  of  the  ecosystems  in  the 
receiving  waters.  In  particular,  the  growth  rate  of  bladder  wrack  in  the  vicinity  of  the  outfall  is  the 
same  as  in  areas  distant  from  outfall. 
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Hytta,  Sweden 

Hylta  Bruk  is  situated  inland  in  southern  Sweden  and  produces  750.000  tonnes/year  newsprint 
from: 

Ground  wood 

TMP 

Magnesium-base  sulphite  pulp  (52%  yield) 

Deinked  secondary  fibres. 

A  new  220,000  tonnes  per  year  paper  machine  came  into  operation  in  1989.  They  have  a  tight 
water  balance  in  the  mill  and  all  wastewater  is  treated  in  a  rather  complex  plant  Including  activated 
sludge,  anaerobic  treatment  and  some  tertiary  treatment. 

A  breakdown  of  the  water  use  at  Hyita  done  by  Stig  Karlsson  shows  that  the  secondary  fibres  and 
the  deink  operation  are  the  largest  water  consumers,  4  m^/tonne,  whereas  the  TMP  operation 
probably  contributes  less  than  1  m^/tonne.  The  rest  is  from  groundwood  and  sulphite  operations. 

Condensates,  return  sludge  and  bark  presses  effluents  are  pretreated  anaerobically.  Other 
effluents  go  through  primary  clarifiers  before  all  effluents  are  blended  in  the  AST  aeration  tank.  The 
effluent  leaving  the  secondary  ciarrfier  is  sent  to  tertiary  clarifiers  for  treatment  with  flocculants. 
Table  C.  1 2  summarizes  the  1 990  data  for  Hylta  Bruk. 

Table  C.12  HyHa  Bruk,  Effluent  data,  1990 


Tonne/year 

Tonne/day 

Kg/tonne 

Production 

Total  pulp 

644.423 

TMP 

192,031 

GW 

117,079 

Sec.  fibres 

223.742 

Mg-sulphite 

88,042 

Process  water  (mVday) 

22,460 

1 2  m^/tonne 

COD 

4,200 

11.7 

6.6 

BOD, 

620 

1,71 

0.97 

TSS 

439 

1.2 

0.68 

AOX^' 

1.4 

4.0 

0.0024 

Tot-N 

29 

81  kg/day 

0.045 

Tot-P 

6.6 

17  kg /day 

0.013 

352  operating  days.    Source:  SNV,  1990, 

The  anaerobic  treatment  system  experiences  problems  when  pH  adjustments  are  made  in  the 
secondary  fibre  line  with  sulphuric  ackl. 

The  installation  of  the  anaerobic  stage  has  not  effected  the  quality  of  the  effluent  discharged. 
There  were  no  data  available  to  the  authors,  but  experience  elsewhere  indicates  that  there  was 
probably  some  reduction  in  operating  costs. 


AOX  data  is  from  SNV  year  1989  with  a  total  pulp  production  of  558,500  tor^nes/year. 
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The  siudge  and  bark  of  the  whole  operation  is  incinerated.  Largely  due  to  the  addition  of 
coagulants  in  the  tertiary  clarifier,  only  75%  of  the  waste  is  actually  destroyed,  the  remaining  25% 
being  discharged  as  boiler  ash.  This  demonstrates  a  serious  disadvantage  of  chemically  assisted 
coagulation  as  a  tertiary  treatment  process,  which  must  be  considered  in  evaluating  the  benefits 
attained.  Tertiary  treatment  reduces  COD  by  15%  to  30%  but  the  main  reason  for  installing  the 
system  was  to  control  TSS  and  Total  Phosphorus. 


September  1.  1991. ^43j Hylta,  Sweden 

TK  ]•(  fiu  ippic  Boc  m  Appendix  C 


N.  McCubbin  Consullants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Grenaa,  Denmark 

Denmark  has  several  non-integrated  paper  mills,  most  of  them  owned  by  Stora,  and  some  of  them 
with  excellent  environmental  performances.  Of  special  interest  is  Grenaa  Papfabrli<  AS,  owned  by 
Danlsco. 

This  miii  produces  paper  and  board  (e.g.  corrugating  medium,  and  various  ilner  boards)  for  the 
packing  irxjustry  from  recycled  paper.  They  have  two  pulping  lines  and  three  paper  machines,  two 
of  which  are  modern  reiath/eiy  high  speed  machines.  The  annual  production  is  presently 
160,000  tonnes/year.  From  1993  they  expect  to  increase  this  production  to  220,000  tonnes/year 
by  increasing  the  speed  of  one  of  the  two  modern  machines  from  approx.  450  m/min  to  more  than 
800  m/min. 

Since  the  beginning  of  the  seventies  they  have  been  committed  to  water  saving  programmes,  and 
since  1989  they  have  had  zero  effluent  except  for  rainwater  runoff  from  roofs  etc. 

Zero  effluent  has  been  acfiieved  in  several  steps.  In  1976  they  began  to  recycle  white  water  from 
the  Fourdrinier  wire,  reducing  the  water  consumption  from  50  m^/tonne  to  35  m^/tonne.  In  1978 
they  started  to  use  cooling  water  for  sealing  purposes,  and  In  1983  they  went  to  mechanical 
sealings,  reducing  the  water  consumption  to  15  m^/tonne.  installation  of  flotation  ctarlfiers  and 
several  intermediate  water  storage  tanks  were  the  final  means  of  reaching  zero  effluent. 
Figure  C.26  illustrates  the  evolution  to  zero  effluent  and  Table  C.I 3  gives  the  overall  flow  balance 
to  produce  100  tonnes  of  product. 
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Figure  C.26  Grenaa  Papfabrik  AS,  Denmark,  Evolution  toward  zero  effluent 
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Table  C.13  Grenaa  Papfabrik  AS,  Denmark,  Mass  balance  closed  cycle  mill 
Input Output 


Oil 

Electricity 
Drinking  water 
Recycled  fibre 
River  water 
Chemicals 
Total  mass 


14.0  tonnes 
47335  KW 
61 .5  tonnes 
112.3  tonnes 
230.8  tonnes 
4.2  tonnes 
408.8 


COj  +  Hp  +  smoke 

Steam 

Product 

Cooling  water 

Solid  waste 

Total  mass 


134.0  tonnes 
100.0  tonnes 
159.8  tonnes 
15.0  tonnes 

408.8  tonnes 


Quantities  shown  for  production  of  100  tonnes  of  product 

The  main  problem  of  operating  with  zero  effluent  Is  the  microbial  growth  on  starch  that  leads  to 
formation  of  organic  acids  and  thus  corrosion  and  potential  health  problems.  Both  problems  were 
solved  by  a  combination  of  stainless  steel  substitution  and  the  use  of  biockles  (presently  nitro- 
bromo-propandiol). 

The  mill  staff  were  unable  to  provide  an  estimate  of  the  capital  cost  for  the  conversion  to 
zero-effluent  operation,  but  are  convinced  that  it  was  less  expensive  than  the  capital  charge  of 
35  million  DKK  ($7  million)  that  they  would  have  had  to  pay  for  biological  treatment  at  the 
municipal  treatment  plant. 

Today  the  mill  management  is  convinced  that  they  took  the  right  decision  in  adopting  the  zero 
effluent  approach. 


September  1,  1991. 


ItC   J«*   l'l»:    «PP«C   OOC    ISf 


-45- 


Grenaa,  Denmark 
Appendix  C 


N,  McCubbin  Consultants  Inc.  BAT  Definition  Study,  Pulp  and  Paper  Sector 


Corbehem,  France 

La  Soci6t6  Feldmuele  B6ghin  operates  a  1500  tonne  per  day  coated  paper  and  board  mill  at 
Corbehem,  about  150  kilometers  NNE  of  Paris.  500  to  700  tonnes  of  thermomechanical  pulp  are 
produced  on  site,  and  the  balance  of  the  furnish  is  purchased  pulp. 

A  new  paper  machine  and  expanded  TMP  production  systems  were  installed  during  1990.  An 
anaerobic  treatment  system  was  installed  as  part  of  this  expansion  to  pre-treat  the  highest 
concentration  effluent  streams.  It  was  in  the  process  of  start-up  at  the  time  of  the  author's  visit, 
and  was  operating  well  below  design  BOD  removal  efficiency  during  the  period  (November  1990  to 
February  1991)  that  Figures  C.27,  C.28  and  C,29  are  based  upon.  The  actual  loads  on  the  AST 
system  during  this  period  were  about  50%  above  the  nominal  loads  mentioned  below. 

The  mill  white  water  systems  were  repeatedly  upgraded  from  1974  to  1986,  Disc  and  flotation 
savealls  are  used  extensively. 

The  effluent  treatment  system  uses  a  conventional  activated  sludge  process,  with  two  primary 
clarifiers,  two  aeration  basins  and  three  secondary  clarifiers.  Influent  to  the  AST  system  is 
expected  to  be  24,500  m^/day,  8  tonne/day  BOD  and  24.5  tonne/day  COD,  but  was  substantially 
higher  at  the  time  of  the  author's  visit. 

The  mill  is  located  on  the  RK/er  Scarpe,  which  is  small,  slow  moving  and  the  recipient  of  many 
domestic,  agricultural  and  industrial  discharges,  so  the  authorized  discharges  are  exceptionally 
low  by  Canadian  standards.  They  are  expressed  in  terms  of  daily  loads,  but  can  effectively  be 
summarized  in  more  general  terms  as  follows  : 

BOD  0.43  kg/t  product  (Soluble  BOD.  Equivalent  to  about  0.6  kg/t  by  APHA) 

TSS  0.7  kg/tonne  product 

COD  4  kg/tonne  product 

Effluent  flow  30  m^/tonne  product. 

The  mill  complies  consistently  with  these  effluent  limitations. 

The  above  data  refer  to  maximum  instantaneous  vaiues.  Maximum  authorized  daily  discharges 
are  a  few  percent  lower,  while  the  maximum  monthly  values  are  about  10%  lower.  The  limitations 
expressed  in  terms  of  "maximum  instantaneous",  shown  above,  are  the  most  stringent.  They 
would  be  determined  by  a  grab  sample,  which  may  not,  of  course,  be  taken  at  the  time  of  the 
maximum  discharge.  The  effluent  characteristics  are  determined  and  recorded  daily,  generally 
according  to  North  American  practice,  whereas  grab  samples  are  rare.  The  principal  conclusion 
relevant  to  this  report  Is  that  this  mill  demonstrates  the  technical  feasibility  of  operating  an  AST 
consistently  with  very  low  discharges,  as  shown  in  Figure  C.29. 

The  plant  superintendent  advised  that  the  principal  difficulty  is  in  complying  with  the  COD 
regulation,  and  that  they  normally  have  a  comfortable  margin  of  safety  for  the  other  values  (refer  to 
Figures  C.27  and  C.28). 
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If  the  AST  plant  Is  operated  with  equal  hydraulic  loading  on  the  parallel  systems,  the  primary 
clarifier  upflow  rate  would  be  0.9  m/hour,  and  the  secondary  clarifier  upflow  rate  approximately 
0.5  m/hr,  both  somewhat  conservative  by  North  American  standards.  In  practice,  the  loads  are 
unequal,  due  to  design  deficiencies,  so  the  upflow  rates  are  rather  higher  than  the  design  values. 


TSS  Max95 


l-Nov-90 

KQHIN.XLS  Chad  4 


21-NOV-90  11-Dec-90         31-DeG~90         20-Jan-gi  9-Feb-91 


1'Mar-91 


BOD  shown  is  total,  calculated  from  the  soluble  BOD  that  was  measured 

All  individual  daily  values  available  are  plotted. 

Figure  C.27  Feldmuele,  Corbehem,  Daily  BOD  and  TSS  discharges,  winter  90/91 

BOD  is  normally  determined  three  times  per  week,  and  the  operating  data  for  winter  1990/91  is 
summarized  In  Figures  C.27  and  C.28.  The  Long  Term  Average  BOD  and  TSS  discharge 
concentrations  were  5.4  mg/L  and  8.3  mg/L  respectively,  which  are  very  close  to  the  Avggg  values 
shown  on  Figure  C.27.  Due  to  the  start-up  of  the  number  5  paper  machine  and  the  anaerobic 
treatment  system  the  influent  load  to  the  AST  was  variable,  but  was  generally  above  design. 

In  the  past  the  TMP  mill  was  operated  as  a  CTMP  mill,  and  the  plant  superintendent  commented 
that  the  treated  effluent  BOD  was  normally  almost  100%  higher  when  the  sulphur  from  the  CTMP 
operation  was  in  the  raw  effluent.  The  anaerobic  treatment  system  was  designed  on  the 
assumption  that  sulphur  compounds  would  not  be  used  for  pulping  in  the  future. 

In  view  of  the  start-up  status  of  the  anaerobic  system,  it  was  not  considered  useful  to  attempt  to 
analyze  its  operation. 
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1-Dec-90 

BEGHINJCLS  Chart  9 
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BOD  shown  is  total,  calculated  from  the  soluble  BOD  that  was  measured  winter  90/91 

Figure  C.28  Feldmuele,  Corbehem,  Rolling  30  day  average  BOO  and  TSS  discharges 

The  average  prcxJuction  based  BOD  and  TSS  discharges  for  the  period  for  which  data  were 
available,  November  1990  to  March  1991,  were  0.2  kg/t  andO.Skg/t  respectively.  Figure  C.29 
presents  the  daily  production  based  loadings,  for  all  days  on  which  analyses  were  performed  for 
the  period  shown. 


1. 


0.5 


0. 


kg /tonne 
Product 


1-NOV90 

eEGHIN.XLS/e 


21-NOV-90  ll-Dec-90         31-Dec-90         2(Klan-91 


9-Feb-91 


1-Mar-91 


Total  BOD  shown,  calculated  by  authors  from  TSS  and  measured  soluble  BOD 

Figure  C.29  Feldmuele,  Corbehem,  Production  based  BOD  and  TSS  dally  loadings 
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Feldmuehle  Langerbrugge  NV 

Company  Feldmuehle  Langebrugge  NV 

B-9000,  Gent,  Belgium 


Location 
Personnel 

Products 

Pulping 


Luc  de  Walque,  Project  Engineer  for  installations 
Luc  de  Smet,  Responsible  for  operations 
PHONE:  32  -  91  53  87  31   FAX:  91  53  93  41 

Newsprint  and  magazine  grades,  900  tonne/day 
Newsprint  is  TMP  +  Deink  stock,  300  tonne/day 


TMP 

Flotation  Deinking 

Groundwood 


125  tonne/day 
180  tonne/day 
300  tonne/day 


Purchased  kraft  15  to  20%  of  magazine  grades 
Clay  filler  about  20% 

Regulatory  requirements 

Regulatory  requirements  consist  essentially  of  the  maximum  allowable  concentrations  indicated  in 
Table  C.I 4  The  mill  measures  TSS  and  COD  daily,  and  BOD  less  often,  but  does  not  report  to 
authorities.  The  regulatory  authority  runs  3  to  4  checks  per  year,  lasting  one  week  each. 
Effectively  COD  is  the  most  significant  limit.  The  mill  is  permitted  to  deduct  measured  incoming 
pollutants  from  discharges  when  calculating  loadings. 

The  effluent  can  normally  comply  with  the  regulations  without  any  serious  difficulty,  so  it  is  not 
necessary  to  operate  the  plant  for  maximum  efficiency,  allowing  costs  of  nutrients,  chemicals  and 
power  to  be  optimized.  However,  the  recently  introduced  effluent  taxes  may  change  the  optimum 
operating  point. 

Raw  effluent  loads 


How 

27,600  mVday 

BOD 

9600  to  1 1 ,000  kg/day 

TSS 

27,000  kg/day 

Temperature 

30  to  40  deg  C 
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TSS        25 

1000 

BOD      25  to  30 

350  to  400 

COD      100 

Total  P 
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Table  C.I 4  Feldmuehle,  Langerbrugge,  Raw  water  and  effluent  characteristio 

Incoming          Untreated          Actual  Effluent  Regulatory 
Water Effluent Requirement 

5  to  60  (mostly  15  to  20)  60 

10  to  15  {rarely  measured)  50 

150  to  200  180 

<1  1 

<2 2 

Treated  effluent  TSS  determined  every  2  hours,  inspection  of  several  days  records  indicated  >90%  of  data  in  range 

15  to  20.  COD  measured  daily,  but  BOD  relatively  rarely. 

Data  expressed  in  mg/L. 


Effluent  taxes 

A  system  of  effluent  taxes  was  recently  introduced.  The  tax  Is  calculated  separately  for  three 
classes  of  pollulants,  organics,  metals  and  nutrients. 

The  organic  "pollution  units"  are  calculated  as: 

0.2*Q/180*(.35TSS/500  +  0.45(2BOD4-COD/1.35)) 
The  metal  "pollution  units"  are  calculated  as 

Q*(10(Cd  +  Hg)  +  (Other  heavy  metals)) 
The  nutrient  "pollution  units"  are  calculated  as 

Q*(N  +  P)/10 

where  Q  is  flow  in  m^/day,  and  the  pollutants  are  expressed  in  mg/L. 

The  mill  can  deduct  incoming  pollutants  in  each  class  from  the  outgoing,  but  cannot  take  credit 
across  classes.  The  proposed  tax  rate  is  600  FB/unit/year,  based  on  annual  average  discharges, 
but  the  rate  is  under  negotiation.  ($lCdn  was  approximately  0.03453  FB  whne  this  mill  visit  report 
was  written  in  April  1991 ,  so  the  tax  would  be  approximately  $21  /unit/year.) 
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Treatment  System 
Overview 

The  effluent  treatment  system  consists  of  two  similar  lines  operating  in  parallel.  Each  Includes  a 
conventional  primary  clarifier  and  a  two  stage  activated  sludge  system.  All  sludge  is  collected  in  a 
gravity  thickener,  where  its  consistency  is  raised  to  about  10%,  then  dewatered  by  Andritz  twin 
wire  presses.  The  following  description  refers  to  one  line. 

Primary  treatment 

Conventional  mechanically  cleaned  bar  screen,  followed  by  24  m  diameter  primary  clarifier,  with 
upflow  rate  of  0.75  m/h^^.  BOD  reduction  about  10%  in  the  primary  stage.  The  Inlet  TSS 
concentration  is  relatively  high.  There  are  no  chemicals  used. 

Stage  1  activated  sludge 

The  first  stage  aeration  tanks  have  a  total  volume  of  3240  m^  and  288  kW  installed  aeration  power. 
The  first  of  6  aerators  in  each  basin  is  not  run,  and  the  entry  section  is  used  as  a  selector,  to  inhibit 
the  growth  of  filamentous  bacteria.  Hydraulic  retention  time  Is  approximately  2.8  hours,  including 
the  selector.  All  aerators  are  low  speed  surface  type,  with  two  speed  motors,  which  are  used  to 
control  outlet  dissolved  oxygen  to  0.5  to  1  mg/l. 

Nutrients  are  controlled  to  100:3:0.5  BOD:N;P  ratio.  A  substantial  proportion  of  the  nutrients 
required  are  in  the  raw  effluent,  so  that  the  amounts  added  are  quite  low,  and  sometimes  zero. 
The  mill  has  not  seen  any  advantage  in  adding  greater  amounts,  although  they  have  extensive 
experience  in  operating  with  significantly  higher  quantities  of  nitrogen  input  in  the  form  of  a  waste 
stream  from  an  adjacent  chemical  plant  (currently  shut  down). 

The  single  secondary  clarifier  for  each  line  of  stage  1 ,  are  suction  type  (one  rectangular  and  one 
circular),  total  surface  area  900  m^,  equivalent  to  an  upflow  rate  of  1.3  m/hour.  Sludge  is  returned 
to  primary  clarifier  in  one  line,  and  to  the  inlet  of  the  aeration  basin  in  the  other.  The  operators  do 
not  see  any  clear  difference  in  performance  for  either  technique. 


^^  Upflow  rates,  hydraulic  detsntion  times  etc  calculated  by  N  McCubbin  from  plant  volumes,  assuming  1 150  m-^/hr  flow. 
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Stage  2  activated  sludge 

The  second  stage  is  similar  to  the  first,  but  the  aeration  tanks  have  4  hours  retention  and  are 
operated  with  dissolved  oxygen  ieveis  of  1 .5  to  2,5  mg/L.  The  hydrauiic  loading  of  the  secondary 
ctarrfier  is  0.7  m/hour. 

Sludge  dewatering 

Aii  sludge  Is  thickened  in  a  gravity  thickener  to  a  reported  consistency  of  10%  (at  the  time  of  the 
visit  it  appeared  to  be  in  this  range,  but  no  data  were  available) 

Effluent  quality 

As  indicated  in  Table  C.14  above,  the  effluent  quantity  Is  good,  but  not  exceptional.  This  plant  was 
visited  because  of  verbal  reports  of  exceptionally  good  operating  performance  with  two  stage  AST 
systems  in  general,  and  this  one  in  particular.  While  this  may  be  possible,  it  has  not  been 
demonstrated.  In  any  event,  there  were  not  sufficient  data  available  to  conskler  this  a  BAT  plant 
for  the  purposes  of  this  study. 


September  1,  1991,  ■52- Feldmuehle  Langerbrugge  NV 

ttc  )M  Ml.  wni:  OK  iw  Appendix  C 


N.  McCubbin  Consultants  Inc. 


BAT  Definition  Study,  Pulp  and  Paper  Sector 


Appendix  D 


Notes  on  Regulatory  Issues 


Table  of  Contents 


Introduction 

USA 

Finland 

Norway 

Sweden 

Germany 


List  of  Tables 


D.1  Current  BPT  and  NSPS  standards  for  BOD  and  TSS  in  USA  (kg/ADt) 

D.2  USEPA  discharge  limits  for  Pentachlorophenol,  Trichlorophenol  and  Zinc 

D.3  The  specific  loads  in  1987  and  as  expected  by  1992 

D.4  Proposed  Swedish  AOX  regulations 

D.5  Swedish  bleach  kraft  pulp  mill  discharges  in  1989 

D.6  Swedish  TMP  newsprint  mills  as  of  1989 

D.7  Proposal  for  new  emission  standards  for  German  mills 


4 
5 
6 

7 

8 

8 

TO 


Septemberl,  1991. 


TEC    U«    till      IfPIEl  MK      4> 


-1    - 


Contents 
Appendix  D 


N.  McCubbin  Consultants  Inc.  BAT  Definition  Study,  Pulp  and  Paper  Sector 


Introduction 

The  literature  was  scanned  lor  the  purpose  of  identifying  countries  with  tight  reguiations. 
Normaiiy,  the  reguiations  of  a  country  reflect  the  performance  of  the  industry  -  at  ieast  among  the 
OECD  countries.  Therefore  the  regulation  standards  reflect  what  is  technicaiiy  and  economicaiiy 
achievable  for  the  pulp  and  paper  industry  of  that  country.  On  this  basis,  the  authors  have  found  It 
worthwhile  to  include  some  notes  on  four  countries,  assuming  that  the  Ministry  is  already  familiar 
with  Canadian  regulations.  These  countries  are:  Finland,  Germany.  Sweden  and  USA. 

Recent  discussions  on  regulatory  issues  were  conducted  recently  for  the  Commission  of  the 
European  Communities  (EEC  1989;  Folke  1989,  1990).  Jaakko  Poyry  conducted  a  study  for 
Procter  and  Gamble  in  1990,  also  on  regulatory  issues  in  Western  Europe  and  North  America 
(Sjobiom  1990)  and  for  the  Nordic  Council  of  Minsters  (NCM  1989), 


USA 

The  US  pulp  and  paper  industry  comprises  some  six  hundred  mills;  of  these  one  hundred  and  four 
manufacture  bleached  chemical  pulp,  mostly  kraft  although  a  few  sulphite  mills  are  still  in 
operation. 

Present  USEPA  Regulations 

EPA  regulations  established  different  kinds  of  technology-based  effluent  limitations  and  standards 
through  the  late  1970s  and  early  1980s.  The  principal  stage  for  most  mills  was  publication  of  the 
1982  development  document  (EPA  1982).  All  regulations  are  technology-based  and  are  based  on 
treatment  technologies  capable  of  reducing  pollutant  levels.  They  are  not  developed  with  any 
consideration  for  the  specific  receiving  waters.  The  regulations  include  (Hanmer  1988): 

Best  Practicable  control  Technology  currently  available  (BPT): 

Based  on  the  average  of  the  best  existing  performance  of  direct  discharges  in  the 
industry.  BPT  is  generally  the  first  stage  or  baseline  regulation  for  an  industry.  To 
meet  BPT  only  external  treatment  was  required. 

Best  Available  Technology  economically  achievable  (BAT): 

Represents  the  best  existing  performance  in  the  industry,  controlling  the  direct 
discharge  of  toxic  and  non-conventional  pollutants.  BAT  is  the  second  stage  of 
regulation  for  these  pollutants.  BAT  requires  major  internal  mill  improvements, 
biological  waste  treatment,  and  physical -chemical  treatment.  In  addition  to  BOD 
and  TSS  it  includes  pH,  zinc  and  colour.  Toxic  substance  effluent  limitations 
would  also  be  set  in  BAT. ' 


Wote  that  the  EPA  definition  of  BAT  differs  from  the  Ontario  Definiton. 
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Best  Conventional  control  Technology  (BCT): 

Controls  the  direct  discharge  of  conventional  pollutants  in  the  secorxi  stage  of 
regulation. 

New  Source  Performance  Standards  (NSPS): 

Based  on  best  available  demonstrated  technology  and  applies  to  new  direct 
discharging  facilities.  "AH"  pollutants  are  controlled. 

Pretreatment  Standards  control  for  Existing  (PSES)  and  New  Sources  (PSNS): 

Pollutant  discharges  that  pass  through,  interfere,  or  are  incompatible  with  the 
operation  of  publicly  owned  treatment  works. 

Table  D.I  presents  current  USEPA  BPT  and  NSPS  standards  for  BOD5  and  TSS.  pH  has  to  be 
within  6  to  9,  In  all  cases.  NSPS  standards  for  conventional  pollutant  control  were  established 
based  on  the  same  technology  as  BPT  plus  additional  flow  reducing  in-plant  process  controls. 
BAT,  PSES  and  PSNS  are  generally  concerned  only  with  the  discharge  of  trichlorophenol, 
pentachlorophenol  and  zinc  (compounds  present  on  the  list  of  129  priority  pollutants). 
Pentachlorophenol  originates  from  its  use  as  a  sllmicide,  and  trichlorophenol  may  orginate  from 
slimicide  use  or  chlorine  bleach  plants.  EPA  assumes  it  to  be  possible  to  find  substitute  slimicides 
for  pentachlorophenol,  at  no  additional  cost.  Since  1986,  BCT  was  specified  as  being  the  same  as 
BPT  in  terms  of  these  conventional  pollutants. 

An  effluent  limitation  is  an  upper  limit  of  the  amount  of  pollutant  discharge  allowed  per  day  or 
average  of  30  consecutive  days.  The  limitations  are  derived  by  calculating  the  product  of  a 
variability  factor  and  a  long-term  average  discharge  load.  Two  types  of  variability  factors  are  used 
and  include  a  daily  maximum  factor  and  a  30-day  maximum  factor.  The  daily  maximum  factor  is 
the  ratio  of  (1)  a  value  that  would  rarely  be  exceeded  by  the  daily  pollutant  discharge  to  (2)  the 
long-term  average  daily  discharge.  The  daily  limitation  is  the  product  of  the  variability  factor  and 
the  long-term  average.  The  30-day  limitation  is  the  product  of  the  30-day  variability  factor  and  the 
long-term  average.  The  maximum  daily  variability  factor  is  the  ratio  of  the  99th  percentile  of  daily 
pollutant  discharge  factors  to  the  estimated  long-term  average  daily  pollutant  discharge.  One  daily 
and  one  30-day  average  variability  factor  subsequently  have  to  be  determined  for  BOD5  and  TSS. 

BAT,  NSPS,  PSES  and  PSNS  standards  are  generally  based  on  adjusted  concentrations  (limit 
concentration  x  BPT  unit  flow/actual  mill  unit  flow),  or  as  an  alternative  on  a  mass  basis  (kg/ADt). 
Table  D.I  presents  the  range  of  limit  concentrations  and  mass  limits  used  by  EPA. 
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Table  D.I  Current  BPT  and  NSPS  standards  for  BOD  and  TSS  In  USA  (kg/ADt) 


Maximum  30-Day  Average 

Maximum  per  Day 

BOD 

TSS 

BOD 

TSS 

BPT 

NSPS 

BPT 

NSPS 

BPT 

NSPS 

BPT 

NSPS 

Bleached  kraft:  dissolving  pulp 

12.25 

8.4 

20.05 

14.3 

23.6 

15.6 

37.3 

27.3 

Bleached  kraft:  market  pulp 

8.05 

5.5 

16.4 

9.5 

15.45 

10.3 

30.4 

18.2 

Bleached  kraft:  paperboard,  coarse 

7.1 

4.6 

12.9 

7.6 

13,65 

8,5 

24.0 

14,6 

and  tissue 

Bleached  kraft:  fine  papers 

S.5 

ai 

11.9 

4.8 

10.6 

5.7 

22.15 

9,1 

Dissolving  sulphite  pulp 

Nitration  grade  pulp 

21.5 

14.5 

38.05 

21.3 

41.1 

26.9 

70,65 

40.8 

Viscose  grade  pulp 

23.0 

15.5 

38.05 

21.3 

44.3 

28.7 

70.65 

40.8 

Cellophane  grade  pulp 

24.95 

16.8 

38,05 

21.3 

48.05 

31.2 

70.65 

40.8 

Acetate  grade  puip 

26.4 

21.4 

38.05 

21.5 

50.80 

39.6 

70.65 

41.1 

Sulphlttt:  paper  (blow  pit  wash) 

2.36*X^ 

3.03*X 

4.38*X 

5.81  *X 

Bisulphite/surface  condensers 

16.55 

^.65 

31.8 

43.95 

Bisulphite/barometric  cond. 

18.05 

28.1 

34.7 

52,2 

Acid  sulphite/surface  cond. 

16.8 

23.65 

32.3 

43.95 

Acid  sulphite/baronnetfic  cond. 

18.5 

28.1 

35.55 

52.2 

Sulphite:  paper  (drum  wash) 

2.36"X^ 

3.03'X 

4.38*X 

5.61  *X 

Bisulphite/surface  condensers 

13.9 

23.^ 

26.7 

43.95 

Bisulphite /barometric  cond. 

15.3 

28;t 

29.4 

52.2 

Acid  sulphite /surf  ace  cond. 

15^5 

^.65 

29.75 

43.95 

Acid  sulphite/barometric  cond. 

16.9 

^1 

32.5 

52.2 

Continuous  digesters 

19.85 

^.95 

38.15 

53.75 

Soda 

7.1 

13^ 

13.7 

5.7 

24.5 

9.1 

Unbleached  kraft 

2^ 

6.0 

5.6 

12,0 

Unerboard 

1.6 

3.0 

3.4 

5.8 

Bag  paper  a.o.  mixed  products 

2.7 

4.8 

5.0 

9.1 

NSSC- Ammonia 

4.0 

1.6 

5.0 

3.0 

6.0 

3.0 

10.0 

5.8 

NSSC-Sodlum 

4.3S 

1.6 

55 

3.0 

8.7 

3.0 

11.0 

5.8 

Unbleached  kraft-NSSC 

4.0 

2.1 

6.25 

3,8 

8.0 

3.9 

12.5 

7.3 

Groundwood:  chemimechanical  pulp 

7.05 

10,65 

13.5 

19,75 

Groundwood;  thermomechanical  pulp 

5.55 

2.5 

8.35 

4.6 

10.6 

4.6 

15.55 

8.7 

Groundwood:  fine  papers 

3-6 

1,9 

6.3 

3.0 

6.85 

3,5 

11.75 

5.8 

Groundwood:  course  papers,  molded 

3.9 

2.5 

6.85 

3.8 

7.45 

4.6 

12.75 

7,3 

products  &  news 

Non-Integrated  paperboard 

3;6 

1.9 

2.8 

1.5 

6.5 

4.0 

5.8 

3.5 

Non-Integrated  fine  paper 

Wood  fibre 

4.25 

1,9 

5.9 

2.3 

8.2 

3.5 

11.0 

4.4 

Cotton  fibre 

9i1 

4.2 

13.1 

4.9 

17.4 

7.8 

24.3 

9,5 

Non-Integrated  light  paper 

13.2 

6.7 

10.6 

5.2 

24.1 

13.7 

21.6 

12.0 

Electrical  grade  papers 

20.9 

11.7 

16.7 

9.2 

38.0 

24.1 

34.2 

21.1 

Non-integrated  tissue 

6.25 

3.4 

5.0 

2.6 

11.4 

7.0 

10.25 

6.0 

Non -Integrated  filter  and  non-woven 

16.3 

8,3 

13.0 

6.6 

29.6 

17.1 

26.6 

15,0 

papers 

Delnking 

9A 

12.95 

18.1 

24.05 

Fine  paper 

ai 

4.6 

5.7 

8.7 

Tissue  paper 

5.2 

6,8 

9.6 

13.1 

Newsprint 

3.2 

6.3 

6.0 

12.0 

Waste  paper 

Non-integrated  tissue  from 

7A 

2.5 

9.2 

5.3 

13.7 

4.6 

17.05 

10.2 

Paperboard 

Noncorrugating  medium  furnish 

1,5 

1.4 

2.5 

1.8 

3.0 

2.6 

5.0 

3.5 

Corrugating  medium  furnish 

2.8 

2.1 

4.6 

2.3 

5.7 

3.9 

9.2 

4.4 

Molded  products 

2.3 

1.1 

5.8 

2.3 

4.4 

2.1 

10,8 

4.4 

^X  =  10°°^'",  where  x  =%  sulphite  pulp  in  final  product. 
Source:  USEPA,  various  documents. 
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Table  D.2  USEPA  discharge  limits  for  Pentachlorophenol,  Trichlorophenol  and  Zinc 


ug/L 


g/ADt 


Pentachlorophenol 
BAT 

NSPS 

PSES 
PSNS 

Trichlorophenol 

BAT 

NSPS 

PSES 

PSNS 

Zinc  (bleached  groundwood) 
BAT 
NSPS 
PSES 
PSNS 


unbleached 

bleached 

unbleached 

bleached 

unbleached 
bleached 
unbleached 
bleached 

unbleached 

bleached 

unbleached 

bleached 

unbleached 
bleached 
unbleached 
bleached 


11-29 

0.58-9.3 

11 

1.4-3.3 

12-155* 

0.58-9.3 

12-14* 

1.4-3.3 

11-32 

0.58-8.0 

11 

1.4-3.3 

12-171 

0.58-8.0 

12-14 

1.4-3.3 

10-68 

0.3-6.9 

68 

8.8-21 

11-104* 

0.3-6.9 

74-84* 

8.8-21 

10-82 

0.30-8.4 

82 

11-25 

11-126 

0.3-8.4 

89-101 

11-25 

3000 

260-300 

3000 

170-210 

3000 

260-300 

3000 

170-210 

Non-continuous  discharges 
Source:  USEPA 

USEPA  considers  "their  current  effluent  limitations  guidelines  to  be  outdated  for  many  segments  of 
the  industry"  (Heath  1991).  As  explained  in  the  paper,  the  present  standards  were  developed  in  the 
late  seventies  based  on  an  extensive  monitoring  program,  and  reflect  the  environmental  standards 
of  US  mills  at  that  time.  Virtually  ail  US  pulp  and  paper  mills  comply  with  these  standards  today.  In 
the  last  couple  of  years,  USEPA  has  been  dealing  with  the  PCDD/PCDF  problem  as  well,  and 
many  US  mills  have  modified  or  are  about  to  modify  their  bleach  plants  to  minimize  the  amount  of 
PCDDs/PCDFs  being  discharged.  Also,  the  USEPA  has  paid  attention  to  the  extensive 
ecotoxicologicai  programs  that  have  been  conducted  in  Scandinavia,  showing  the  chronic  toxicity 
effects  of  many  pulp  mill  operations  on  the  receiving  waters,  including  those  that  do  not  produce 
bleached  pulp.  So,  they  have  initiated  a  data  collection  program  that  should  be  finished  by  the 
end  of  this  year.  A  proposal  for  new  regulation  is  expected  in  1993  and  the  new  standards  are 
expected  to  be  promulgated  in  1995  {Heath  1991). 

The  new  regulations  will  basically  be  based  on  the  same  philosophy,  having  a  set  of  BPT/BCT 
standards  that  apply  to  wastewater  treatment  plants  only.  The  BAT/NSPS/PSES/PSNS  standards 
will  most  likely  be  valid  for  bleach  plant  operations  only,  since  these  are  known  to  be  a  source  for 
many  toxic  pollutant  discharges.  Data  for  more  than  200  chemicals  wilt  be  collected,  and 
limitations  may  be  developed  for  several  organic  pollutants  of  concern. 


September  1. 1991. 


TIC  ]H  (lit:    tnO  DK     t> 


,5- 


Contents 
Appendix  D 


N,  McCubbin  Consultants  Inc.  BAT  Definition  Study,  Pulp  and  Paper  Sector 

Finland 
Regulations 

Finland  has  set  the  goal  that  all  bleached  pulp  plant  operations  should,  by  1995,  be  limited  to: 

1 .4  kg/ADt  AOX  for  mixed,  bleached  hardwood  and  softwood  kraft 

2.0  kg/ADl  AOX  for  bleached  softwood  kraft 

1.0  kg/ADt  AOX  for  bleached  hardwood  kraft 

65  kg  COD  for  bleached  kraft 

0.06  kg  phosphorus  for  bleached  kraft 

The  specific  loads  as  of  1987  and  as  expected  by  1992  are  presented  in  Table  D.3. 

Table  D.3  The  specific  loads  in  1987  and  as  expected  by  1992 

Process  water               BOD3                        COD  P 

kg(m')/tonne  1987       1992  1987       1992  1987       1992 1967        1992 


Bleached  kraft 

98.7 

79,4 

16.4 

8.2 

90.2 

58.7 

0.109 

0.086 

Sulphite  pulp 

200 

80 

35 

9.0 

180 

90 

0.200 

0.80 

Paper 

43.1 

26.6 

3.4 

2.1 

11.1 

7 

0.013 

0.013 

Board 

40.2 

27.4 

6.0 

3.4 

18.5 

11.9 

0.016 

0.015 

Liner 

24.0 

16.0 

7.0 

4.0 

24.0 

16.0 

0.007 

0.010 

Source:  Communication  from  the  Finnish  National  water  Board. 

The  bleached  hardwood  kraft  operation  amounted  to  1.7  million  tonnes  In  1987  and  is  expected  to 
be  up  to  2.0  million  tonnes  in  1992.  The  similar  figures  for  softwood  bleached  kraft  are  2.0  million 
tonnes  and  2.5  million  tonnes  respectively  (Junna  1991).  There  are  17  bleached  pulp  mill 
operations  in  Finland  having  an  average  discharge  of  AOX  2,7  kg/ADt  in  1991.  By  the  end  of  this 
year,  25%  of  these  mills  will  operate  with  extended  cooking  (mostly  MCC),  and  40%  will  have 
oxygen  delignification.  Decreased  use  of  molecular  chlorine  and  increased  use  of  chlorine  dioxide 
is  another,  although  not  quantified,  trend. 

Finnish  Industry 

Although  there  are  many  excellent  mills  in  Finland,  none  of  these  use  a  technique  or  combination 
of  techniques,  that  is  not  found  in  North  America.  Therefore,  the  authors  have  not  discussed  any 
of  these  in  detail,  Jaakko  Poyry  prepared  a  report  for  the  Nordic  Council  of  Ministers  in  1989  to 
address  the  needed  reduction  of  chloro-organic  discharge  in  the  Nordic  Pulp  Industry  {NCM, 
1989).  The  report  is  now  a  few  years  old,  and  some  technologies  have  since  been  developed 
further,  e.g.  chlorine  dioxide  substitution  as  well  as  ozone  and  enzyme  bleaching  technologies, 
but  basically  the  report  suggests  the  well  known  measures  such  as  extended  delignification, 
oxygen  delignification,  lower  chlorine  multiple  etc.  The  authors  consider  that  it  is  rather 
conservative  in  its  estimates  of  what  the  different  techniques  can  achieve,  even  considering  that  It 
is  2  years  old.  The  report  does  not  address  Nordic  pulp  mills'  situations  in  particular. 
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Norway 

The  Norwegian  pulp  and  paper  Industry  is  mostly  based  on  mechanical  pulp,  i.e.  very  few  bleach 
plants  are  to  be  found,  and  only  one  bleached  kraft  mill  (Tofte).  Over  the  past  years  quite  a  few  old 
sulphite  pulp  mills  have  been  closed  or  converted  to  mechanical  pulp  mills.  Industrial  standards 
for  pulp  milts  in  Norway  are: 


Fibre  loss: 

0.5% 

AOX  (kraft): 

2  kg/ADt 

AOX  (sulphite): 

1  kg/ADt. 

Norwegian  mills  normally  do  not  practice  very  tight  water  use  or  extensive  wastewater  treatment. 
This  may  be  changing  now  and  in  the  years  to  come.  However,  for  the  purpose  of  this  study  the 
authors  have  not  looked  further  into  the  Norwegian  pulp  and  paper  industry. 


Sweden 

There  are  79  pulp  and  paper  mills  in  Sweden.  25  mills  produce  kraft  pulp,  9  mills  produce  sulphite 
pulp,  1  mill  with  NSSC,  8  mills  CTMP,  6  mills  TMP,  13  mills  GW,  6  mills  produce  fibre  board  and  26 
mills  are  non -integrated  paper  mills.  Some  of  the  mills  produce  more  than  one  type  of  pulp. 
Clearly  it  Is  outside  the  scope  of  this  report  to  go  into  details  on  all  the  mills,  so  the  authors  have 
chosen  to  address  only  the  mills  with  excellent  environmental  standards  in  one  or  more  of  the 
aspects  relevant  to  the  scope  of  this  report. 

Sweden  has  been  leading  the  worldwide  push  toward  chlorine  free  pulp  bleaching.  The  Swedish 
Environmental  Protection  Board  has  proposed  the  following  regulation  of  AOX  for  the  future: 

Table  D.4  Proposed  Swedish  AOX  regulations 


AOX 

(kg/ADt) 

Year 

Softwood 

Hardwood 

1992 

2 

1 

1995 

1 

0.5 

2000 

0.5 

0.3 

2010 

0.1 

0.1 

Source;  Swedish  Plan  for  Protection  of  the  Sea  (SNV,  1990) 

The  following  information  has  partly  been  taken  from  (SNV  1989;  Kemikalieinspektionen  1989). 
Additional  Information  was  acquired  either  directly  from  the  mill  and/or  from  the  official  files  of  the 
Swedish  Government  in  Stockholm.  In  no  case,  has  confidential  information  been  used. 
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The  Table  D.5  presents  the  data  from  Swedish  bleached  kraft  pulp  mills. 
Table  D.5  Swedish  bleach  kraft  pulp  mill  discharges  In  1989 


Mill 

Location 

Production 

Water 

AOX 

BOD7 

COD 

TSS 

ADt/y 

mVADt 

kg/ADt 

kg/ADt 

kg/ADt 

kg/ADt 

Aspa 

L  Vattern 

97.000 

110 

2.1 

13 

46 

5.2 

Gruvfin 

L  Varnen 

263,000 

93 

2.0 

12 

67 

3.7 

Husum 

Baltic 

582,000 

120 

2.0 

19 

85 

26 

Iggesund 

Baltic 

273,000 

160 

3.3 

7.3 

71 

7.7 

Karisborg 

Baltic 

248,000 

110 

2.0 

5.7 

57 

9.5 

Korsnas 

Baltic 

300,000 

140 

2.5 

(20) 

(90) 

13 

Monsteiiis 

Baltic 

335,000 

50 

0.86 

0,84 

22 

0.49 

Morrum 

Baltic 

330,000 

88 

1.9 

16 

61 

3.3 

Norrsundet 

Baltic 

246,000 

63 

1.8 

12 

52 

1.7 

Ostrand 

Baltic 

312.000 

130 

2.2 

19 

70 

14 

Skarblacka 

Lake  Glan 

154,000 

83 

1.0 

4.8 

36 

5.4 

Skoghall 

L,  Varnen 

96,000 

95 

5.9 

19 

66 

5.3 

Skutskar 

Baltic 

428.000 

110 

1.8 

19 

47 

4.4 

Vallvik 

Baltic 

158,000 

170 

3.5 

16 

56 

4.1 

Varo 

Kattegat 

276,000 

130 

4.7 

26 

92 

4.9 

Mixed  hardwood  and  softwood.  Source:  (SNV  1989) 
TSS  normally  deternnined  by  a  wire  filter  in  Sweden.  Data  would  be  higher  for  Ontario  analysis,  (refer  to  Chapter  4) 

In  addition  to  these  kraft  mills,  Domsjo,  Lessebo,  Nym6lla  and  Billerud  have  bleached  sulphite 
operations. 

Performance  data  for  Swedish  newsprint  mills  are  presented  In  Table  D.6. 
Table  D.6  Swedish  TMP  newsprint  mills  as  of  1989 


Mill 

Location 

Production 

Water 

AOX 

BOD7 

COD 

TSS 

tonne/y 

m3/ADt 

kg/ADt 

kg/ADt 

kg/ADt 

kg/ADt 

Bravlken 

Inland 

424,000 

31 

0.0013 

0.46 

1.6 

0.3 

Halista^ 

Baltic 

503,300 

17 

0.0040 

2.6 

10 

1.2 

Hylte^ 

Inland 

572,000 

14 

0.0024 

0.54 

5.9 

0.6 

Kvarnveden^ 

inland 

577,000 

22 

2.8 

8.9 

2.3 

Ortviken 

Baltic 

550.000 

21 

0.0026 

4.1 

19 

4.3 

^  Including  102,000  tonnes  groundwood  and  82,000  tonnes  secondary  fibres 

^Including  1 12,000  tonnes  groundwood  and  176,000  tonnes  secondary  fibres  and  93,000  tonnes  Mg-sulphite 

^Including  157,000  tonnes  groundwood 

Source:  {SNV  1989) 

TSS  normally  detern^ined  by  a  wire  filter  in  Sweden.  Data  would  be  higher  tor  Ontario  analysis,  (refer  to  Chapter  4) 
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Germany 

The  annual  use  of  fibres  in  Germany  amounts  to  9.6  million  tonnes  (ADt).  3.7  miiiion  tonnes  are 
virgin  chemical  pulp,  1.5  million  tonnes  are  mechanical  pulp,  and  4.3  million  tonnes  are  secondary 
fibres.  The  chemical  sulphite  pulp  production  amounts  to  0.6  million  tonnes;  the  rest  is  imported. 
There  are  approximately  200  paper  mills,  and  only  ten  chemical  pulp  mills  (1987  Information  from 
CEPAC  statistics).  The  ten  chemical  pulp  mills  have  all  changed  their  processes  within  the  last  2  to 
3  years. 

The  chemical  sulphite  pulp  mills  are  mostly  using  softwood  (spruce),  but  some  hardwood  (beech) 
Is  supplied  to  the  pulp  mills  as  well.  There  are  no  pulp  milts  that  exclusively  use  hardwood. 
Batches  of  hardwood  are  run  when  appropriate. 

Most  of  the  following  is  based  on  personal  information  (Dr,  Christian  H.  Mobius  personal 
communication,  Papierlecyhnische  Stiftung,  Munchen  PTS  1989).  Ten  pulp  mills  are  producing 
chemical  bisulphite  pulp,  one  semi-chemical  pulp  (on  its  way  to  change  the  process  to  produce 
corrugated  board  from  secondary  fibres)  and  25  mechanical  pulp  (ten  of  which  are  very  small,  i.e. 
less  than  25,000  tonne/year).  Among  the  mechanical  pulp  mills,  two  are  producing  TMP  and  two 
(or  three)  pressurized  ground  wood  -  the  rest  are  ordinary  groundwood  pulp  mills. 

Sulphite  pulping  in  Germany  is  all  magnesium  based.  However,  Thyssen  GmbH  is  constructing  a 
120,000  tonnes  per  year  organocell  pulp  mill  at  the  Bayerishe  Zellstoff  GmbH  mill  in  Kelheim.  This 
mill  will  be  finished  in  1992  at  the  cost  of  174,200  DM^.  The  process  is  sulphur  free  and  the  pulp 
will  be  bleached  molecular  chlorine  free  (possibly  chlorine  compound  free  altogether),  although 
this  matter  is  not  confirmed  at  the  moment.  This  method  applies  highly  alkaline  conditions  with 
NaOHandMeOH.  Refer  to  Lax6n  (1988)  for  a  more  complete  description.  The  MeOH  is 
expected  to  be  recovered  in  the  process.  Another  new  pulping  technology,  which  may  become 
operative  in  Germany  in  the  near  future,  is  based  on  a  cooking  mixture  of  formic  acid  and  acetic 
acid. 

The  range  of  products  of  the  German  mills  includes  the  following  grades  (Huber  1988): 

Semi-chemical  pulp 
Bleached  paper  pulps 
Bleached  dissolving  pulps 
High-viscosity  dissolving  pulps. 

Basically  no  molecular  chlorine  is  used  in  the  German  sulphite  pulp  mill  bleaching,  and  only  two  or 
three  stages  are  used,  EqpDD  or  similar.  In  older  mills  H  was  used,  but  this  has  been  changed  to 
D  over  the  past  few  years.  Generally  oxygen  delignification  is  also  used.  Investigations  have 
shown  that  organochlorine  compounds  are  not  transferred  with  the  pulp  to  the  paper  mills  to  any 
significant  extent  (Mobius  1988). 


^Deutche  Mark  =  $0.67  (April  1991) 
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Wastewater  Treatment 

Two-stage  or  even  three-stage  biological  treatment  Is  frequently  used  In  German  pulp  and  paper 
mills.  The  first  stage  Is  preferably  anaerobic,  the  second  choice  Is  normally  trickling  filter,  or 
occasionally  activated  sludge  (M6bius  1986).  The  final  stage  is  always  activated  sludge. 

Papiertechnische  Stiftung  In  Munich  has  an  anaerobic  treatment  system  achieving  COD  values 
ranging  from  2,000  to  5,000  mg/L  -  sometimes  t>elow  2000  mg/L  Generally,  SO^  has  to  be 
stripped  prior  to  anaerobic  digestion. 

Phosphate  removal  Is  an  important  Issue  in  Germany  and  research  has  shown  that  a  combined 
flocculation  and  sand  filtration  may  bring  the  effluent  down  to  0.1  P  mg/L  {Dr.  Christian  H.  Moblus 
personal  communication,  Papiertecyhnische  Stiftung,  Mijnchen  PTS  1989). 

Emission  Standards 

New  pulp  mill  effluent  discharge  standards  came  into  effect  In  1989.  and  are  summarized  in 
Table  D.7 

Table  D.7  Proposal  for  new  emission  standards  for  German  mills 


TSS 

COD 

BODj 

NHa-N' 

Tot-P=^ 

A0X3 

mg/L 

kg/t 

kg/t 

mg/L 

mg/L 

mg/L 

kg/t 

Sulphite  pulp  mills 

50 

70 

5 

0.1 

1 

Mechanical  pulp 

5 

25 

Uncoated  fine  paper 

50 

3 

1 

10 

3 

0.04 

Coated  flne  paper 

50 

6 

2 

- 

10 

3 

0.04 

Tissue 

50 

9 

3 

- 

10 

3 

0.04 

True  parchment 

50 

12 

6 

- 

- 

3 

0.025 

White  board 

- 

2 

- 

25 

10 

3 

0.02 

Integrated  groundwood  paper 

- 

3 

- 

25 

10 

3 

0.01 

if  more  than  50%  TMP  is  used 

- 

5 

- 

25 

10 

3 

0.01 

Waste  F)aper 

- 

5 

- 

25" 

10 

3 

0.012 

1  For  effluents  exceeding  500  m^'/d 

2  For  effluents  exceeding  1000  m^/d 

3  In  special  cases  this  value  may  increase  to  0.12  and  0.2  kg/ADt 

4  If  water  use  is  lower  than  10  m^t  the  limit  is  0-25  kg/t  up  to  a  maximum  of  50  mg/L 

Prior  to  treatment  the  values  for  mechanical  pulp  mills  are  typically  10  kg  BOD/t  and  25  kg  COD/t,  i.e.  more  than  80% 
COD  removal  is  necessary  and  so  Is  more  than  90  %  (95%  to  97%)  BOD  removal 

The  0.1  mg/L  Phosphorus  value  is  based  on  a  taxation  system.  Exceeding  this  value  requires 
taxes  to  be  paid. 

A  German  paper  mill  produces  in  the  order  of  3  to  9  kg  COD/tonne  paper.  60%  have  on-site 
biological  treatment,  20%  to  25%  discharge  to  municipal  sewers,  and  15%  to  20%  have  only 
cheml-mechanical  treatment.  Treatment  of  paper  mill  effluents  has  been  a  major  research  topic  at 
the  PTS,  as  has  anaerobic  treatment  of  deinking  wastewater  (Mobius  1987,  1988,  1988  and  1989). 
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The  new  German  emission  standards  for  paper  mills  will  affect  the  requirement  for  imported  kraft 
pulp  especially  because  AOX  carry-over  from  this  type  of  pulp  is  the  only  important  source.  The 
standards  came  into  effect  in  1991. 

Apart  from  the  organocell  process,  the  German  pulp  mills  have  little  to  offer  the  Ontario  pulp  and 
paper  industry  in  terms  of  technology.  The  chemical  pulp  mills  are  all  magnesium  based  low-yield 
sulphite  with  conventional  recovery  systems.  Some  of  the  pulp  and  paper  mills  have  quite  good 
treatment  plant  designs.  The  authors  consider  that  the  taxation  system  that  applies  to  effluent 
discharges  does  a  lot  more  for  the  environment  in  terms  of  encouraging  excellent  operational 
management  than  the  design  Itself. 
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Low-Effluent  Newsprint  Mill  Simulation 
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1  Introduction 

1.1  Concept  and  Objectives 

Newsprint  mills  In  Eastern  Canada,  including  Ontario,  differ  from  most  others  In  tiie  Western  worid 
In  that  they  manufacture  chemical  pulp  on-site  to  reinforce  groundwood  pulp,  and  do  not  have  a 
chemical  recovery  system  for  the  spent  pulping  liquorV  This  results  in  the  discharge  to  receiving 
waters  of  the  chemicals  {generally  of  little  environmental  significance)  and  the  organic  matter 
removed  from  the  wood.  The  latter  have  a  high  BOD  and  are  generally  acutely  toxic  to  fish,  as 
discussed  in  Chapter  3.  Refer  to  Chapter  4  and  Appendix  B  for  detailed  data  on  the  effluent  from 
newsprint  mills.  A  typical  ratio  of  chemical  to  mechanical  pulp  would  be  25%. 

Conventional  sulphite  recovery  processes  are  impractical  for  both  technical  and  economic 
reasons.  The  available  technology  Is  not  adapted  to  the  high  Inorganic  content  of  the  waste 
liquors  generated  by  the  high-yield  pulping  processes  used  in  Ontario  (typically  from  70%  to 
almost  90%).  The  small  scale  of  the  production  systems  Is  a  major  impediment  to  economic 
operation  of  any  recovery  system. 

As  Is  apparent  from  the  estimated  costs  for  secondary  treatment  for  the  Ontario  newsprint  mills,  it 
is  expensive  to  treat  the  BOD  from  the  sulphite  mills  biologically. 

Mills  outside  Eastern  Canada  have  generally  al^andoned  the  high-yield  sulphite  +  groundwood 
pulp  furnish  for  newsprint  in  favour  of  either : 

100%TIVIP 

Groundwood  +  i<raft  reinforcing  pulp 

A  combination  of  the  above 

The  kraft  pulp  is  usually  produced  on-site,  since  few  mills  can  sun/ive  economically  with  purchased 
l<raft.  Some  Quebec  mills  have  adopted  the  100%  TMP  approach  over  the  past  ten  years,  as 
indicated  below,  while  Western  Canadian  and  US  mills  often  use  i<raft  pulp.  It  is  not  uncommon  for 
the  two  approaches  to  be  combined,  since  it  is  not  unreasonable  to  use,  say  98%  TMP  with  2% 
purchased  kraft. 

This  appendix  examines  the  possibility  of  replacing  the  pulp  mills  in  a  traditional  Ontario  newsprint 
mill  with  a  modern  TMP  mill,  equipped  with  the  type  of  effluent  concentration  and  recycle  system 
envisaged  at  two  Western  Canadian  market  CTMP  mills.  The  essential  difference  would  be  that  the 
pulp  would  be  washed  to  recover  90%  or  more  of  the  organics  and  acutely  lethal  materials  before 
beir;g  passed  on  to  the  paper  mill.  The  effluent  from  the  latter  would  then  be  low  in  BOD  and 
non-lethal. 


^  spruce  FaJIs  Power  and  Paper  at  Kapuskasing  is  an  exception. 
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1.2  Current  installations 

In  the  past  two  years,  the  companies  listed  In  Table  E.I  have  proposed  zero-effluent  mills,  and 
have  made  application  to  the  relevant  provincial  regulatory  authorities  for  permission  to  build  them 
The  first  two  are  market  bieached  CTMP  mills,  and  the  third  is  based  on  the  pressurised 
groundwood  process. 

Table  E.I  Proposed  effluent-free  mills  in  Canada 

Company  Town  Province      Mill  capacity  Projected 

MTPD  start-up  date 


Louisiana  Pacific 

ChetwyrxJ 

BC 

500 

July  1991 

Miller  Western 

Meadow  Lake 

Sask 

600 

1992 

Orenda 

Stewart 

BC 

300 

1992? 

The  Chetwynd  and  Meadow  Lake  installations  are  described  in  some  detail  by  Barbe  (1990) 

The  current  proposals  for  effiuent-free  mechanical  pulp  mills  are  based  on  the  foregoing  concepts, 
and  include  some  washing  of  the  pulp.  The  recently  introduced  alkaline  peroxide  variation  of 
CTMP  is  used,  and  it  has  the  advantage  of  being  sulphur  free,  which  simplifies  incineration  of  the 
concentrated  waste. 

The  proposed  pressurized  groundwood  mill  at  Stewart,  BC,  will  have  an  advantage  over  the  other 
effluent-free  mechanical  pulp  mills  because  it  will  not  use  any  pulping  chemicals,  so  the  effluent  to 
be  evaporated  would  be  sodium  free  too.  However,  it  is  likely  that  some  brightening  chemicals  will 
be  required,  reducing  this  advantage.  Note  that  although  hydrogen  peroxide  bleach  itself  is  free  of 
inorganic  metals  or  salts,  it  is  necessary  to  use  alkali  with  it. 

The  equipment  necessary  for  the  above  mentioned  three  mills  is  proven  in  Industrial  service 
although  not  necessarily  in  the  pulp  and  paper  industry.  There  are  several  competitive, 
established  suppliers  with  extensive  track  records  for  all  items.  The  process  design  is  new. 

The  authors  have  examined  the  engineering  basis  for  these  concepts,  and  consider  that  they  are 
sound.  There  is  no  doubt  that  there  wit!  be  unforeseen  difficulties  with  the  closed  cycle  processes, 
probably  Including  deposit  formation,  maintaining  white  water  inventories  while  parts  of  the  mills 
are  down  for  repair,  preventing  excess  water  from  entering  the  process,  and  developing  suitable 
operating  strategies.  Full  scale  experience  will  be  required  to  demonstrate  whether  these 
problems  can  be  solved  or  not. 

The  modern  mechanical  pulping  processes  that  the  currently  proposed  effluent-free  mills  are 
based  upon  (TMP,  CTMP.  PGW)  are  all  highly  automated  low-labour  systems,  with  established 
track  records. 

The  above  mentioned  zero-effluent  mechanical  pulp  mills  are  all  designed  to  produce  market  pulp, 
which  normally  implies  stringent  quality  requirements.  In  the  case  of  the  Ontario  mills  within  the 
scope  of  this  project,  the  interest  in  this  technology  lies  in  the  newsprint  mills,  and  St.  Marys  Paper. 
In  these  mills,  it  could  be  feasible  to  apply  the  above  mentioned  technology  to  replace  all  pulp 
production  on  site.  The  toxic  substances  generated,  or  released  from  the  wood,  in  the  pulping 
operation  would  be  recovered  for  incineration,  except  for  the  quantities  carried  over  with  the  pulp 
into  the  paper  mill. 
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Several  publications  In  the  early  an6  mid  1980s  discussed  the  possibility  of  operating  newsprint 
mills  with  sufficiently  small  effluent  volumes  for  evaporation  or  other  concentrating  process  to  be 
applied,  and  the  concentrated  effluent  incinerated.  They  generally  concluded  that  some  form  of 
washing  of  the  pulp  would  be  required  to  control  the  concentration  of  dissolved  solids  in  the  paper 
machine  wet  end  to  acceptable  levels. 

The  traditional  drum  washers  used  widely  In  the  krafl  Industry  cannot  be  used  effectively  with 
newsprint  grades  of  pulp  due  to  the  much  slower  drainage  characteristics.  Press  washers  have 
been  investigated  frequently,  but  the  limitations  on  performance  of  such  a  device  which  relies  on 
simple  dilution  and  re-thickening  restrict  the  ability  to  wash  pulp  effectively  without  generating 
excessive  quantities  of  flitrate. 

The  two  zero-effluent  BCTMP  mills  mentioned  above  use  recently  developed  screw  presses  as 
pulp  washing  devices  which  include  the  innovative  capability  to  perform  some  displacement 
washing  as  well  as  simple  dilution/thickening. 

This  appendix  examines  the  feasibility  of  applying  the  above  technology  to  Ontario's  newsprint 
mills  in  light  of  recent  developments. 


1.3  Technical  Feasibility  in  Ontario 

1.3.1  Newsprint  with  100%  TMP 


Although  there  are  no  mills  in  Ontario  manufacturing  newsprint  without  some  chemical  pulp 
reinforcing,  it  is  estabjish&i  that  this  is  technically  feasible. 


100%  TMP  newsprint  made  from  different  wood  species  is  presently  being  produced 
commercially.  Table  E.2  shows  a  list  of  several  newsprint  mills  that  produce  newsprint  using  100% 
TMP.  The  wood  species  used  are  spruce,  balsam  fir,  pine  and  small  amounts  of  other  softwoods 
and  hardwoods. 

The  softwood  species  of  Ontario  are:  White  spruce,  black  spruce,  balsam  fir,  jack  pine,  eastern 
larch  and  hemlock  (Isenberg  1980).  All  these  wood  species  wouid  be  suitable  for  newsprint  from 
100%  TMP. 

However,  as  shown  in  Table  E.2,  spruce  produces  the  strongest  TMP  sheet  followed  by  balsam  fir, 
jack  pine  and  larch.  The  newsprint  mills  listed  in  Table  E.2  all  use  large  amounts  of  spruce  chips.  It 
has  been  shown  that  up  to  20%  jack  pine  can  be  used  in  the  chip  furnish  without  significant  effects 
on  the  strength  -  energy  relationship  (l_aliberte  1987). 

For  production  of  a  100%  TMP  sheet,  strength  is  the  limiting  pulp  property.  Addition  of  kraft  pufp 
or  chemical  treatment  of  chips  or  pulp  in  the  TMP  mill  can  be  used  to  enhance  the  strength 
properties  of  the  newsprint  sheet.  However,  this  will  have  a  negative  effect  on  the  optical 
properties  of  the  paper. 
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Table  E.2  Strength  properties  for  TMP  from  different  wood  species 
liiim 


Raw  material 


CSF        Tensile     Burst      Tear 


Start- 
Reference       up 


Domtar.  Donnacona 
Quebec 


Domtar  Dolbeau  Quebec 

F.F.  Soucy  Inc. 
Riviere-du  Loup  Quebec 
Donohue-Clermont, 
Quebec 

Bowater  Liverpool 
Nova  Scotia 


Alberta  Newsprint 
Whitecourt  Alberta 

Stora  Kvarnsveden 

Sweden 

Kotka  Mills  Rnland 

Bear  Island  Paper  Co 

Doswell  VA 


60%  black  spruce 

35%  balsam  fir 

5%  jack  pine 

spruce 

jack  pine  (up  to  20%) 

80%  balsam  fir 

20%  spruce 

spruce 

balsam  fir 

70%  spruce/baisam 

10%  pine 

10%  hemlock 
10%  hardwood 
50%  spruce 


100-150 


125 


120-130 


50%  pine 

100%  Scandanavlan.  spruce         90-100        36 

100%  Scandanavian.  spruce  105  34 

100%  loblolly  pine 


2-2.6       8-9.5       Mercier  1988 


Laliberte  1987    1987 
Rodden  1968 
2-2.4       8.5-9      Bastien  1983      1976 

Rodden  1988     1965 

Brusslan  1985 

Karl  1988  1939 

Stevenson 

1990 


2.1+       9.0+       Sundsinfo  1990 

7-8  Ferrttsius  1989  1988 

8  Skinnar  1984 

Smith  1980  1979 
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2  Mass  and  Energy  Balance 

The  key  issue  in  assessing  the  feasibility  of  applying  the  new  zero-effluent  technology  is  whether  a 
satisfactory  mass  balance  Is  attainable  with  available  equipment.  This  also  provides  the  basis  for 
costs. 

This  subsection  describes  a  detailed  simulation  of  the  process  implications  Involved  In  the 
integration  of  a  new  zero-effluent  IMP  mill  with  an  existing  newsprint  mill.  The  objective  being  to 
be  able  to  operate  the  plant  with  effluent  discharges  which  will  be  non-toxic,  and  will  carry  under 
10%  of  the  loading  of  a  normal  Ontario  newsprint  mill  which  has  only  primary  treatment. 

The  simulation  was  developed  using  the  General  Energy  and  Mass  balance  Simulator  (GEMS),  a 
widely  used  process  simulation  software  package  which  is  optimized  for  pulp  and  paper  industry 
processes.^  This  appendix  discusses  some  of  the  mechanics  of  the  GEMS  simulation  which  are 
not  directly  relevant  to  the  process,  but  which  define  the  calculation  procedure. 

Two  TMP  mills  have  been  simulated:  A  base  case  TMP  mill  and  one  alternative  for  the  zero-effluent 
TMP  mill.  The  flowsheet  for  the  latter  is  shown  In  the  appended  figure.  The  base  case, 
conventional  mill  Is  similar,  but  lacks  the  press  washers  between  refining  stages  and  upstream  of 
the  paper  machine. 


2.1  Fibreline  Base  Case 

The  purpose  of  the  simulation  was  to  simulate  the  base  case  TMP  mill  without  washing  and 
estimate  the  amount  of  dissolved  solids  in  the  paper  machine  white  water  when  50  m^/tonne  paper 
machine  white  water  were  discharged.  The  zero-effluent  TMP  mill  was  then  to  be  simulated  in 
order  to  determine  the  equipment  requirement  for  a  90%  reduction  of  the  dissolved  solids  and  of 
resin  acids  in  the  paper  machine  excess  white  water  compared  to  the  base  case  with  less  than 
10  mytonne  effluent  discharged  to  sewer  in  the  TMP  mill. 

Resin  acids  are  considered  as  representing  the  acute  lethality  of  the  untreated  effluent  from  this 
type  of  mill. 

Both  simulations  are  based  on  1.0  tonne  pulp  produced. 


^  GEMS  has  been  in  use  for  almost  20  years,  and  is  constantly  being  updated.    Engineers  responsible  for  a  significant 
proportion  of  the  more  modem  mills  in  North  America  use  GEMS  as  the  basis  for  their  process  calculations. 
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2.2  Base  case  TMP  Mill  Simulation 

The  base  case  TMP  mill  has  no  washing.   Operating  conditions  are  summarized  in  Table  E.3  and 
the  process  equipment  can  be  described  as  follows: 

Presteaming  of  chips  to  60  deg  C  with  blowback  steam  from  the  primary  refiner;    chip 

wash,  presteaming  to  100  deg    C  with  blowback  steam;  plug  screw;  preheater  with 

possibility  to  add  sulfite,  plug  screw,  primary  refiner,  secondary  refiner,  latency  chest, 

screen  room  consisting  of  screens,  cleaners,  rejects  press  and  an  atmospheric  reject 

refiner, 

A  decker  thickens  the  pulp  after  the  screen  room.    Pulp  would  normally  be  stored  for 

several  hours  prior  to  feeding  the  paper  machine. 

A  very  simple  wet  end  of  the  papermachine  is  also  included  to  estimate  TDS  (total 

dissolved  solids)  and  resin  acids  in  the  paper  machine-white  water. 

A  heat  recovery  system  converting  the  high  pressure  TMP  steam  from  the  mainline  refiners  to 

clean  steam  is  also  included,  since  this  would  normally  be  installed  in  any  new  or  rebuilt  TMP  mill. 

The  atmospheric  steam  from  the  reject  refiner  and  the  blowtaack  steam  from  the  secondary  refiner 

is  condensed  in  an  atmospheric  condenser  where  hot  water  is  produced. 

Table  E.3  Operating  conditions  for  base  case  TMP  mill 


Chip  moisture 

50% 

Consistency  after  chip  wash  drain 

35% 

Plug  screw  outlet  consistency 

50% 

Primary  refiner 

outlet  consistency 

45% 

specific  energy 

1 .0  MWh/t 

inlet  pressure 

200  kPa 

housing  pressure 

400  kPa 

Secondary  refiner 

outlet  consistency 

40% 

specific  energy 

0.8  MWh/t 

inlet  pressure 

120  kPa 

housing  pressure 

400  kPa 

Reject  refiner 

outlet  consistency 

40% 

specific  energy 

0.8  MWh/t 

inlet  pressure 

101  kPa 

housing  pressure 

101  kPa 

Reject  rate 

screen 

30% 

primary  cleaner 

25% 

secondary  cleaner 

25% 

tertiary  cleaner 

5% 

Rejects  press  consistency 

30% 

Decker  outlet  consistency 

8% 

Fibers  in  TMP  white  water 

0.01  g/l 

Make-up  PM  white  water  to  TMP 

16  mVtonne 

PM  white  water  discharged  to  sewer 

25  m^/tonne 

Headbox  consistency 

0.3% 

Paper  machine  press  discharge  consistency 

42% 

TMP  white  water  is  used  for  refiner  dilution.  No  seal  water  leakage  In  refiners  (new  refiners). 
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The  total  yield  loss  Is  assumed  to  be  4%  I.e.  40  kg/tonne.  The  dissolved  solids  are  divided  into 
three  different  stream  components:  resin  acids,  volatlles  and  other  organics.  The  dissolution  of 
wood  Is  distributed  In  the  mill  as  shown  in  Table  E.4. 

Table  E.4  Dissolution  of  organics  In  TMP  mill 


Process             Resin  acids 

Volatlles 

Other 

org. 

Total 

Atm.  preheater       0.0 

0.0 

3.0 

3.0 

Preheater               0.0 

0.0 

3.0 

3.0 

Primary  refiner       0.36 

1.8 

27.84 

30.0 

Secondary  refiner  0.04 

0.2 

3.76 

4.0 

Reject  refiner          0 

0 

0 

0 

Sum  yield  loss        0.4 

2.0 

37.6 

40.0 

These  assumptions  are  valid  for  TMP  from  spruce. 
AJI  data  expressed  as  Kg/tonne 

All  volatlles  are  assumed  to  leave  with  the  flash  steam  from  the  refiners. 


2.3  Zero-effluent  Case 

The  process  flowsheet  for  the  zero-effluent  TMP  mill  shown  in  the  appended  figure  differs  from  the 
base  case  In  two  ways: 

Interstage  washing  between  primary  and  secondary  refiner  (displacement  washing  screw 

press) 

Post  washing  after  decker  (1-3  displacement  washing  screw  presses) 

The  assumptions  for  the  process  conditions  are  the  same  as  for  the  tDase  case  containing  the  chip 
wash,  refiners,  screen  room,  papermachine,  heat  recovery  and  yield  loss. 

The  following  assumptions  are  made  for  the  displacement  screw  presses: 

Table  E.5  Operating  conditions  In  displacement  screw  press 


Inlet  consistency:  5% 

Intermediate  consistency:  1 5% 

Discharge  consistency:  30% 

Fit)er  in  press  flitrate:  0. 1  % 

Fraction  of  pulp  displaced:  90% 

Shower  water  on  last  press:  2.3  m^/tonne  (dilution  factor  1, 

K-factor  (washing  efficiency  factor)  assumed  were  as  follows: 

Resin  adds  0.70 

Volatlles  0.98 

Other  organics 0.98 

Source:  Egenes  and  Barbe  1990. 


The  K-factors  suggested  in  this  paper  are  0.70  for  DCM  extractives  and  0.98  for  dissolved  solids.  In 
the  simulation  K=0.70  has  been  used  for  resin  adds  since  they  are  a  type  of  extractives  and 
K=0.98  for  vdatiles  and  other  organics.  However  no  volatlles  will  be  present  in  the  pulp  streams 
since  all  volatlles  are  assumed  to  leave  the  refiners  with  the  flash  steam. 
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2.3.1  Yield  loss  and  extractives 

The  total  yield  loss  as  dissolved  solids  is  assumed  to  be  approximately  40  kg/tonne.  In  the 
simulation  the  dissolved  solids  are  divided  into  three  components: 

Resin  acids 

Volatiles 
Other  organics. 

The  dissolved  organics  consists  of  lignin  carbohydrates,  extractives  and  other  substances. 

The  most  troublesome  component  in  the  dissolved  solids  are  the  extractives.  The  extractives  have 
the  following  characteristics: 

More  difficult  to  wash  out  of  the  pulp  (Egenes  1990  and  Wearing  1983)  than  other 

dissolved  organics 

Contain  resin  acids  which  correlate  well  with  the  toxicity  of  the  mill  effluent  (Wong  1979 

and  1980) 

Cause  pitch  problems  in  the  mill  (Allen  1980) 

Negative  effects  on  the  product  quality 

Table  E.6  Amount  of  extractives  originally  in  the  wood  depending  on  wood  species 

Extractives  % Reference 

White  spruce      2.0  (Isenburg  1980)  Alcohol-benzene  extr. 

Black  spruce      2.2  (Isenburg  1980) 

Norway  spruce  1.7  (Sjostrom  1981) 

Balsam  fir  3.2  (Isenberg  1 980)  Alcohol-benzene  extr. 

Jack  pine  4.0  (Isenberg  1980) 

Scots  pine  3.5 (Sjostrom  1981) 

The  extractives  in  the  wood  are  measured  by  extraction  of  the  wood  with  a  solvent  for  example  dichioromethane 
(DCM-extractives),  ether  or  alcohol-benzene. 

In  the  wood,  the  extractives  exist  in  (Sjostrom  1981): 

Resin  canals 

Encapsulated  in  parenchyma  cells 

For  spruce  (Norway  spruce)  45%  of  the  extractives  are  located  in  the  resin  canals  compared  to 
70%  for  pine  (Scots  pine).  The  extractives  in  the  resin  canals  are  more  easily  dispersed  during 
pulping  then  the  extractives  In  the  parenchyma  cells.  However  during  refining,  part  of  the 
parenchyma  cells  are  crushed  and  some  parenchyma  ceil  -  extractives  dispersed  (Allen  1980). 

The  extractives  in  the  resin  canals  for  spruce  wood  (Nonway  spruce)  have  the  following 
composition:  50%  resin  acids,  20  to  30%  volatile  monoterpenes  and  20  to  30%  terpenoids  and 
fatty  acki  esters.  Pine  contains  a  higher  amount  of  resin  acids,  70%  to  80%  of  the  extractives  in 
the  resin  canals  (Sjostrom  1981). 

The  extractives  in  the  parenchyma  ceils  consist  of  fatty  acid  esters  and  sterols  (no  volatiles). 
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From  this  It  can  be  estimated  that  the  amount  of  voJatiles  in  spruce  wood  is  approximately 
2.0  to  2.5  kg/tonne  and  for  pine  5  to  8  kg/tonne.  The  amount  of  resin  acids  can  be  estimated  to 
4.5  kg/tonne  for  spruce  and  20  kg/tonne  for  pine. 

The  actual  amount  of  resin  acids  dissoived  during  refining  was  measured  by  Wong  (1979)  and  by 
Breck  (1983).  It  was  found  that  for  black  spruce/balsam  fir  chips  an  average  of  400  g/tonne  resin 
ackJs  were  dissolved  during  two  stage  refining.  600  g/tonne  resin  acids  were  dissolved  for  jack 
pine  chips.  The  largest  part,  90  to  100%,  of  all  components  were  dissolved  in  the  first  refiner  stage. 

2.3.2  Balance  with  open  paper  machine 

After  the  t)ase  case  balance  was  calculated,  various  combinations  of  washing  equipment  and  wash 
liquor  flows  were  investigated.  The  best  alternative  investigated  with  respect  to  effluent  reduction 
was  the  configuration  shown  in  the  appended  figure. 

These  t)aiances  indicated  that  even  with  the  three  modern  design  press  washers  and  an  interstage 
washing  stage,  that  47%  of  the  total  resin  acWs  In  the  raw  material  would  be  discharged  from  the 
paper  machine,  in  a  flow  of  approximately  50  mVtonne.  The  remaining  53%  of  the  resin  acids 
would  be  concentrated  in  6.6  m^  of  pulp  mill  effluent/tonne.  The  incremental  effect  of  additional 
presses  is  minor.  It  is  not  feasible  to  increase  the  press  wash  liquor  flow  beyond  the  3  m^/tonne 
pulp  that  was  used,  because  of  the  practical  limitations  of  the  equipment. 


2.4  Balance  with  Closed  Paper  Machine 

There  were  no  detailed  balances  calculated  for  the  scenario  where  the  paper  machine  system 
would  be  sufficiently  closed  for  all  white  water  to  be  used  as  wash  liquor.  The  mass  balance  would 
be  quite  simple,  since  all  the  resin  acids  and  BOD  causing  substances  would  be  contained  in  the 
pulp  mill  effluent.  There  are  major  practical  difficulties  in  lowering  the  paper  machine  effluent 
volume  to  the  range  where  concentration  and  incineration  becomes  worth  investigating.  Detailed 
analysis  of  this  is  beyond  the  scope  of  this  project,  but  one  can  observe  that  the  Hylta  newsprint 
mill  in  Sweden  (refer  to  appendix  C)  operates  with  12  m^ /tonne  effluent.  This  is  lowest  newsprint 
mill  effluent  flow  known  to  the  authors,  and  is  probably  the  lowest  In  the  worid.  Effluent  at  Hylta  is 
treated  biologically,  but  could  potentially  be  treated  by  concentration  and  incineration.  As 
indicated  below,  the  costs  would  be  considered  excessive  by  normal  standards,  so  the  only 
reason  to  do  so  would  be  to  totally  eliminate  effluent. 


2.5  Concentration  and  Incineration  of  Effluent 

2.5.1  Evaporation 

A  wide  variety  of  evaporation  equipment  fias  been  used  In  Industry  for  many  years  to  concentrate 
liquids  comparable  to  the  concentrated  wastewaters  which  would  be  discharged  by  a  mechanical 
pulp  mill  designed  for  minimum  effluent  flow  (Burke  1990).  The  authors  do  not  expect  that  there 
are  likely  to  be  any  insurmountable  technical  problems,  subject  always  to  the  caveat  that  full  scale 
experience  is  required  to  demonstrate  any  technology. 
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Discussions  with  those  having  operated  pilot  plants  evaporating  effluent  from  high-yield  pulping 
processes  Indicate  that  the  maximum  practical  concentration  is  approximately  50%,  primarily 
because  the  liquors  become  excessively  viscous  at  higher  concentrations.  The  liquors  would  be 
auto-combustible  at  these  concentrations. 

The  condensates  from  the  evaporators  would  be  contaminated  by  volatile  organtos,  and  may 
require  treatment  prior  to  reuse.  The  non-condensible  volatiles  can  be  incinerated  readily,  using 
technology  which  is  widely  used  in  the  kraft  pulping  IrvJustry. 

2.5.2  Freeze  crystallization 

Freeze  crystallization  can  be  used  to  recover  relatively  pure  water  from  streams  with  several 
percent  dissolved  solids.  Existing  applications  include  seawater  desalination.  The  principle  is  that 
when  ice  crystals  form  in  water,  they  contain  little  or  no  dissolved  solids.  They  can  be  removed 
from  the  water,  and  melted;  providing  clean  water,  and  leaving  the  original  contaminants  in  a 
concentrated  form. 

In  practical  industrial  systems,  feed  liquor  is  cooled  in  the  tube  side  of  a  shell  and  tube  heat 
exchanger  with  ammonia  evaporating  in  the  shell  side.  Ice  crystals  form  and  are  removed  from  the 
circuit  by  floating  to  the  top  of  a  quiescent  tank,  and  being  raked  off  to  a  melting  vessel.  The  ice  is 
virtually  pure,  provided  that  the  concentration  of  contaminants  in  the  liquor  is  not  excessive.  The 
ice  crystals  are  melted  with  warm  water,  heated  by  the  ammonia  cooler  or  other  waste  heat  in  the 
refrigeration  system.  The  gasified  ammonia  is  compressed  and  condensed  in  a  classic 
refrigeration  cycle.  Other  refrigerants  could  be  used,  but  ammonia  has  been  widely  used  in 
industry  for  many  years. 

There  is  currently  only  one  vendor  known  to  the  authors  offering  freeze  crystallization  for 
concentration  of  effluent  from  mechanical  pulp  mills  (HPD  Inc.,  Napien/iile,  Illinois). 

The  practical  limit  of  concentration  by  freeze  crystallization  appears  to  be  15%  to  20%  for  CTMP 
and  similar  pulping  waste  liquors.  Fatty  and/or  resin  acid  contamination  of  the  ice  is  the  limiting 
factor.  Sodium  salts  do  not  crystalize  until  the  concentration  is  raised  further.  Feed  liquor  should 
contain  under  60  mg/L  suspended  solids,  although  up  to  150  were  processed  successfully  in  the 
pilot  plant.  Purity  of  the  recovered  ice  is  the  limiting  factor  (Personal  Communication,  P.  Stewart, 
HPD,  Napierville,  Illinois). 

2.5.3  Liquor  Incineration 

The  concentrated  liquor  from  either  freeze  crystallizers  or  evaporators  could  be  burned  in  a  variety 
of  equipment,  since  the  Inorganic  content  would  be  very  low  relative  to  the  traditional  spent 
pulping  liquors. 

The  recovered  liquor  would  have  a  heating  value  and  water  content  similar  to  bark,  and  could 
probably  be  burned  in  the  mill's  bark  boiler.  If  capacity  is  available. 
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3  Cost  Estimates 


3.1  Freeze  Crystallization 

Based  on  the  freeze  crystallization  technology  being  used  at  the  Chetwynd,  BC  mill,  the  capital 
costs  of  a  system  to  concentrate  lam^/tonne  effluent  from  newsprint  mills  of  various  capacities  are 
estimated  as  follows: 


CapacHy 
tones/day 

Capital  Cost 
$ 

Annual 
Operating  Cost 
$ 

400. 

33,220.000. 

1,987,000. 

500. 

37,979,000. 

2,379,000. 

600. 

42.370,000. 

2,765.000. 

700. 

46.476,000. 

3,145.000. 

800. 

50.352,000. 

3.522,000. 

900. 

54,040,000. 

3,896.000. 

1 ,000. 

57.566,000. 

4,267.000. 

Above  costs  assume  total  mill  process  effluent  flow  of  12  mVlonne  product 


3.2  Overall  mill 


Superticiaily,  the  above  mentioned  costs  appear  to  be  attractive  in  relation  to  the  costs  presented 
in  Chapter  8  of  this  report  for  several  of  the  Ontario  newsprint  mills.  However,  they  are  predicated 
on  the  installation  of  a  completely  modernized  Tf^^P  mill  at  a  cost  in  the  order  of  $200  million  for 
1000  tonne/day  capacity,  or  $140  million  for  a  capacity  of  500  tonne/day.  Such  a  mill  would 
discharge  approximately  25  kg  BOD/tonne  pulp.  It  would  be  possible  to  treat  such  effluent 
biologically  to  lower  BOD  to  under  1  kg/tonne  product  for  substantially  lowers  costs  than  are 
indicated  above.  For  example,  the  activated  sludge  system  at  Alberta  Newsprint  discussed  In 
Appendix  C  Is  reported  to  have  cost  $15  million  for  the  700  tonne/day  mill.  Note  that  the  Iroquois 
Falls  mill  discharges  approximately  65  kg/tonne  of  product,  which  is  the  principal  reason  for  the 
high  effluent  treatment  costs  indicated  in  Chapter  8  for  this  mill. 

To  summarize,  this  initial  hypothesis  of  modifying  a  TMP  mill  so  that  the  pulp  being  supplied  to  the 
integrated  paper  mill  would  be  sufficiently  uncontaminated  to  permit  discharging  the  paper  mill 
effluent  without  treatment  proved  to  be  technologically  impossible. 

If  the  total  newsprint  mill  effluent  is  integrated  with  the  TMP  mill  process,  then  it  may  be  possible  to 
operate  the  mill  with  sufficiently  low  effluent  flow  to  make  concentration/incineration  practicable. 
However,  this  would  require  that  the  effluent  flow  from  the  newsprint  machine(s)  and  their 
auxiliaries  be  reduced  to  a  few  cubic  metres  per  tonne,  it  Is  generally  accepted  that  this  is 
impractical  for  an  existing  operation  with  currently  known  technology.  Even  if  it  could  be 
accomplished,  the  costs  of  concentration/incineration  are  considerably  higher  tfian  traditional 
biological  treatment. 
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Feasibility  of  Using  Treated  Municipal  Sewage  as  Mill  Makeup 
Water 


SUMMARY  At  least  six  pulp  and  paper  mills  are  using  Treated  Municipal  Wastewater  (TMW),  one 
in  Mexico,  two  in  California,  and  three  in  South  Africa.  TMW  is  used  in  areas  where  little 
opportunity  exists  for  direct  contact  between  workers  and  the  treated  wastewater.  TMW  is 
disinfected  to  a  predetermined  standard.  Where  direct  contact  is  expected,  a  higher  standard  of 
disinfection  is  used.  The  water  is  carefully  segregated  into  separate  piping  systems  and  is  dearly 
labelled.  The  TMW  may  not  be  used  in  the  finished  product  areas  (paper  and  pulp  machines) 
because  of  quality  control  concerns  which  would  depend  on  the  requirements  of  the  marf<ets 
served.  No  adverse  health  impacts  associated  with  these  operations  have  been  reported. 


Conclusions 

The  technology  of  using  treated  municipal  wastewater  (TMW)  as  part  of  the  process  make-up 
water  in  pulp  and  paper  operations  is  proven  technology  as  demonstrated  by  the  six  applications 
currently  in  service.  TMW  should  not  be  added  as  a  blend  to  regular  process  water,  but  should  be 
added  to  the  system  in  selected  areas. 

To  apply  this  technology  in  Ontario,  would  require  that  a  mill  be  located  close  to  a  major 
population  center.  Primary,  secondary,  and  tertiary  wastewater  treatment  of  the  municipal 
wastewater  is  required.  There  are  some  opportunities  in  Ontario  where  TMW  could  become  part  of 
the  mill  make-up  water  supply.  The  driving  force  for  carrying  out  such  projects  appears  to  be  a 
shortage  of  water.  Since  it  is  not  a  technology  that  is  targeted  at  upgrading  the  effluent  from  pulp 
mills,  it  Is  not  considered  as  a  part  of  any  technology  train. 


Introduction 

The  notion  that  an  abundant  supply  of  clean  water  will  always  be  available  at  minimum  cost  is 
today  being  challenged.  Water  conservation  measures  are  being  applied  both  in  the  public  and 
private  sector.  Pulp  and  paper  industry  water  use  has  been  reduced  30  percent  during  the  past 
decade  (Minor  1991). 

An  equivalent  water  saving  can  be  realized  by  water  reutiiization.  The  purpose  of  this  appendix  is 
to  describe  a  simple  example  of  how  one  bleached  kraft  pulp  and  paper  mill  plans  to  reutilize 
treated  municipal  wastewater  as  make-up  water,  required  for  mill  operations. 

The  need  originated  when  the  City  of  Tacoma,  WA  recognized  its  water  supply  source  was  not 
adequate  to  serve  both  the  mill's  and  the  expanding  community's  future  needs.  A  conventional 
solution  would  have  required  an  expensive  long  distance  pipeline,  so  the  possibility  of  the 
reutiiization  of  municipal  treated  effluent  was  investigated. 
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Current  Status  of  Water  Reutilization  in  Pulp/Paper  Industry 

At  least  six  pulp  and  paper  mills  are  currently  using  treated  domestic  wastewater  in  their  process 
operations.  These  are: 

Garden  State  Paper,  Pomona,  California 

Simpson  Paper,  Pomona,  California 

Paperiera  Moldonado,  Monterrey,  Mexico 

Enstra  mill  of  South  African  Pulp  and  Paper  Industries  Ltd.,  Springs,  South  Africa 

Mondi  Paper  Company,  Durban,  South  Africa 

S.A.  Board  mill,  Belleville,  South  Africa 

Description  of  reutilization  program  at  other  mills 

Garden  State  Paper  has  been  using  treated  wastewater  from  the  Pomona,  California  sewage 
treatment  plant  since  1980  (Yulke  1981).  In  1984  (Harding  1984)  reclaimed  water  accounted  for 
96  percent  of  process  water  use  in  the  mill.  Process  water  is  used  in  the  pulping  of  recycled 
paper,  making  newsprint,  and  for  cooling  electrical  equipment.  Mill  employees  (130)  are  exposed 
to  process  water  in  cleaning  operations  when  wash  water  commonly  stands  on  the  floor  of  the 
process  areas.  The  reclaimed  water  is  given  tertiary  treatment  by  the  City  of  Pomona  resulting  in 
low  TSS  (2  mg/L)  effluent  with  a  coltform  count  of  2/1 00  ml  and  a  chlorine  residual  of  4  mg/L.  The 
reuse/process  water  piping  in  the  mill  is  colour  coded,  and  signs  distinguishing  between  potable 
and  nonpotable  water  in  the  mill  are  prominently  displayed.  No  record  of  adverse  heatth  impacts 
of  the  reclaimed  wastewater  can  be  found  in  the  literature. 

The  Simpson  Paper  Compailiy  San  Gabriel  mill,  Pomona,  California  has  been  using  reclaimed 
wastewater  from  the  same  Pomona  wastewater  reclamation  plant,  as  described  above,  since  1984 
(Yuike  1981).  The  reclaimed  water  is  mixed  with  water  from  potable  and  private  well  water 
supplied  for  general  process  uses,  wash  down,  and  cooling.  Treated  wastewater  introduced  into 
the  plant  is  of  high  quality  (e.g.  <2.2  MPN/100  ml)  as  described  above.  Mill  workers 
(525  employees)  are  exposed  to  process  water  in  the  form  of  mists,  drying  vapors,  and  wash  down 
water  resulting  from  papermaking  and  general  cleanup.  Potable  water  piping  is  much  smaller  than 
process  water  piping  and  is  generally  identifiable  by  size.  Exposed  piping  is  also  prominently 
labeled.  No  record  of  adverse  effects  of  water  use  in  the  mill  has  been  found. 

In  South  Africa,  treated  municipal  wastewater  has  been  used  for  process  water  supplement  in  two 
paper  mills  and  a  liner  board  mill  since  the  eariy  1970's  (Oderdall  1979).  In  1979,  the  Enstra  mill  of 
South  Africa  Pulp  and  Paper  Industries  Ltd.  near  Springs,  South  Africa  used  25,000  mVday  of 
reclaimed  wastewater  with  16,000  m^/day  of  potable  water  to  satisfy  general  mill  water  needs. 
Brightness  requirements  dictated  the  use  of  chemical  coagulation  and  flotation  as  an  adjunct  to 
the  original  plain  rapid  sand  filtration  of  the  Spring's  secondary  effluent. 

The  Mondi  Paper  Company  mill  at  Durban,  South  Africa,  produces  newsprint  and  fine  paper 
grades,  and  has  used  reclaimed  Durban  municipal  wastewater  since  1972.  The  combined  sources 
are  used  throughout  the  mill. 

The  S.A.  mill  at  Belleville,  South  Africa  has  used  reclaimed  municipal  effluent  to  satisfy  about 
two-thirds  of  its  process  water  need.    The  mill  produces  gray  and  manila-backed  board  (both 
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coated  and  uncoated)  at  71  tonnes  per  day.  No  indication  of  adverse  heaith  impact  associated 
with  the  wastewater  reuse  is  reported  {Oderdali  1979). 

Water  safeguards  for  reutilization 

Regulatory  requirements  applicable  to  wastewater  reuse  in  industry  where  little  opportunity  exists 
for  direct  contact  between  workers  and  the  treated  wastewater  are  generally  based  on  providing 
disinfection  to  meet  defined  levels  of  microbiological  quality.  However,  where  direct  contact  is 
expected,  a  higher  standard  of  microbiological  quality  is  used  requiring  filtration  followed  by 
carefully  controlled  disinfection.  The  resulting  effluent  can  be  relied  upon  to  pose  no  significant 
risk  to  wastewater  users.  The  important  elements  of  a  program  to  effectively  control  the  reuse  of 
wastewater  to  ensure  safety  would  include: 

treatment  of  the  municipal  effluent  Including  filtration  and  disinfection  to  maintain  conforms 

at  <2.2/l00ml 

maintaining  the  reliability  of  the  treatment  system  including  continuous  monitoring  of 

turbidity  and  (chlorine)  disinfectant  residual  tied  to  an  alarm  and  control  system  to  prevent 

delivery  of  unacceptabty  treated  product 

a  carefully  designed  program  of  piping  segregation,  marking,  and  worker  education  to 

prevent  unintended  potable  use. 

Reuse,  even  where  incidental  human  contact  occurs,  can  be  implemented  without  contributing  to 
Increased  incidence  of  illness.  Risk  associated  with  exposure  to  chemicals  in  reclaimed  municipal 
wastewater  is  significantly  lower  than  the  controllable  risk  of  infection  Review  of  experience  in  the 
reuse  of  municipal  wastewater,  specifically  in  the  pulp  and  paper  industry,  shows  that  this  can  be 
accomplished  economically  without  compromise  of  either  product  quality  or  worker  health  and 
safety. 


Plan  at  Simpson,  Tacoma 

The  Simpson,  Tacoma  mill  produces  approximately  1,200  tonnes/day  of  kraft  pulp  for  linerboard, 
heavyweight  paper,  and  market  pulp.  Approximately  360  tonnes/day  is  bleached  for  use  as  white 
top  liner,  heavyweight  white  grade,  and  market  pulp.  The  mill  process  includes  a  continuous 
digester,  brown  stock  washing,  D^ED  high  substitution  bleaching,  a  full  kraft  recovery  cycle,  two 
paper  machines,  and  one  pulp  dryer.  The  mill's  effluent  treatment  includes  primary  clarification, 
UNOX  activated  sludge,  and  secondary  clarification. 

The  Simpson,  Tacoma  kraft  mill  uses  120,000  m^/day  of  potable  water  from  the  City  of  Tacoma  for 
process  needs.  This  water  is  distributed  through  the  mill  by  process  area  as  shown  in  Figure  F.I. 
The  three  categories  of  use  types  are: 

Process:  This  includes  all  process  water  usages  such  as  showers,  consistency  control,  stock 
dilutions,  boiler  feedwater,  etc.  Water  Is  generally  not  sewered  after  initial  use,  but  carried  on  to 
the  next  process  step.  Quality  requirements  can  vary  widely  depending  on  both  the  mill  process 
area  and  type  of  usage. 
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Cooling:  reuse  to  process:  This  category  includes  heat  exchanger  and  equipment  cooling,  pump 
seal  and  gland  water,  as  well  as  miscellaneous  flushing  water  that  ends  up  in  the  process.  Water 
quality  requirements  for  cooling  applications  must  be  met  for  the  initial  usage  plus  evaluation  must 
be  made  of  downstream  user  requirements. 

Once  through  to  sewer:  Some  of  the  fresh  water  that  enters  the  mill  Is  used  once  and  sent  directly 
to  sewer.  An  example  of  this  is  water  used  for  scrubbing  of  non-condensable  gas  which  is  directly 
sewered  from  the  causticizing  and  lime  kiln  area.  Much  of  the  water  used  for  cooling  of  bearings, 
seals  and  other  miscellaneous  heat  exchangers  is  difficult  to  collect  because  of  the  large  number 
of  use  points.  The  amount  of  water  directly  sewered  in  this  manner  is  tabulated  by  process  use 
and  amounts  to  approximately  one-fourth  of  the  fresh  water  intake. 

Water  quality  concerns 

Because  of  the  variety  of  uses  in  the  Simpson  mill,  no  single  standard  or  specification  can 
adequately  cover  the  mill's  needs.  Rather  than  develop  a  standard,  each  mill  process  area  was 
reviewed  to  identify  any  special  concerns.  Typical  operating  problems  that  can  result  from  reuse 
of  municipal  effluent  include: 

increased  slime  growth 

increased  corrosion 

scaling 

wire,  felt  and  shower  plugging 

brightness  losses 

staining  (NCASl  1976,  NCASl  1985). 

Paper  and  pulp  machines:  As  most  of  the  water  used  here  will  come  in  contact  with  the  virtually 
finished  product,  water  quality  concerns  center  around  Its  effect  on  the  product.  These  raised  the 
following  questions: 

Nutrients.  Will  increased  slime  growth  occur  and  degrade  product  quality?  Can  biocides 
be  used  to  keep  this  under  control  at  a  reasonable  cost? 

Colour.  Will  product  staining  and  brightness  losses  occur? 

Suspended  solids.  Suspended  solids  buildup  can  be  troublesome  due  to  the  large 
numbers  of  showers,  orifices,  and  other  small  openings  in  the  machine  area  equipment. 

No.  3  and  No.  4  recovery:  Water  usage  in  these  areas  is  mostly  for  miscellaneous  cooling  and  is 
generally  sewered  after  first  usage.  Water  that  meets  cooling  water  guidelines  should  be 
acceptable;  i.e.,  a  non-corrosive,  stable  {non  scale-forming)  water  source  is  required  as  a 
minimum.  Suspended  solids  must  be  eliminated  to  avoid  plugging  small  bearing  cooling  orifices. 

Caustic/lime  kiln:  Similar  to  the  recovery  area,  most  water  Is  used  for  once-through  cooling 
application.  Water  that  ends  up  in  the  process  is  used  for  flushing  dust  in  the  No.  1  and  No.  2  kiln 
hoppers.  This  water  ends  up  in  the  white  liquor,  which,  when  returned  to  the  digesters,  completes 
the  kraft  recovery  cycle.  Because  this  is  part  of  a  closed  loop,  water  quality  concerns  include 
chlorides  and  other  dissolved  salts  that  could  build  up  to  unacceptable  levels. 
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No.  1,  No.  2,  and  No.  4  evaporators:  In  these  areas,  nearly  all  of  the  fresh  water  used  ends  up  in 
the  process.  Initially,  the  water  must  be  acceptable  for  cooling  water  usage,  then  It  is  recycled  to 
the  paF>er  machine,  bleach  plant,  and  brownstock  washing.  Water  quality  requirements  for  these 
secondary  usages  vary,  and  are  discussed  under  the  appropriate  process  area. 

Boiler  feedwater:  Boiler  feedwater  Is  subject  to  stringent  quality  requirements.  Chief  parameters 
of  concern  Include  iron,  copper,  silica,  and  total  dissolved  solids.  Iron  and  copper  are  a  particular 
problem  as  removal  is  not  provided  by  the  existing  feedwater  treatment.  Total  dissolved  solids  can 
be  removed  by  the  existing  demineraiizers,  but  any  Increase  will  result  in  increased  operating 
costs.  Fouling  of  the  demineralizer  resins  by  trace  organics  is  also  a  potential  operating  problem. 

Boilerhouse  auxiliary:  Fresh  water  in  this  area  is  used  for  miscellaneous  cooling  and  pump  seals. 
Since  the  water  is  sewered  after  first  usage,  water  that  meets  cooling  water  requirements  should 
be  sufficient. 

Bleach  plant:  In  addition  to  cooling  and  general  process  quality  requirements,  water  quality 
concerns  In  the  bleach  plant  include  metal  ions  which  can  interfere  with  the  bleaching  process, 
organic  precursors  which  can  result  in  dioxin.  and  carryover  to  the  paper  machine  and  pulp 
machine  areas.  More  than  ninety-five  percent  of  the  water  use  in  the  bleach  plant  ends  up  in  the 
process. 

Washing  and  screening:  36  percent  of  the  water  used  in  the  washing  and  screening  area  is  not 
recycled.  Cooling  water  guidelines  provide  minimum  standards  for  this  process  area.  In  addition, 
because  some  of  the  water  used  ends  up  in  process  streams  which  end  up  in  the  recovery  area, 
hardness  and  dissolved  solids  levels  are  also  a  concern. 

Dewatering:  Almost  all  of  the  water  used  In  the  dewatering  area  is  sewered.  No  special  concerns 
are  apparent  beyond  typical  cooling  and  process  water  guidelines. 

Characterization  of  water 


A  detailed  comparison  of  water  quality  characteristics  was  carried  out  for  the  Tacoma  secondary 
effluent  and  several  milt  process  water  streams.  Comparison  was  also  made  to  secondary 
drinking  water  standards,  which  were  developed  to  protect  the  public  from  nuisance  and  aesthetic 
concerns,  and  typical  cooling  water  guidelines.  Reported  water  quality  from  NCASI  studies  of  fine 
paper  mills  were  compared  with  the  city  effluent.  A  summary  of  key  treatment  objectives, 
including  Individual  goals  and  rationale,  is  presented  in  Table  F.I. 

Table  F.I  Key  treatment  objectives 


Parameter 


Goal 


Reason 


Total  coliforms  Reduce  to  below  detection  (<2.2  mpn/100  ml) 

Colour  Reduce  to  below  25  colour  units 

TSS  Reduce  to  below  5  mg/L 

Phosphorous  Reduce  to  less  than  1  mg/L 

Copper Maintain  below  48  ppb 


Protect  human  health 
Preserve  product  quality 
Reliability  and  improved 
disinfection  efficiency 
Reduce  nutrient  supply 
Stringent  NPDES  permit 
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Treatment  of  waters  for  reuse 

The  simplest  treatment  option  consists  of  direct  filtration  followed  by  disinfection.  This  should 
meet  requirements  for  coliform  and  removal  of  residual  suspended  solids.  Unit  processes  include 
wastewater  pumping,  gravity  filtration  disinfection  with  chlorine,  ar>d  treated  wastewater  pumping 
at  the  Simpson  mill. 

Due  to  concerns  over  the  coiour  and  increased  slime  growth  from  nutrients,  reclaimed  effluent  will 
not  be  recycled  to  the  paper  machine  and  pulp  machine  areas.  Because  most  used  water  goes  to 
the  sewer,  and  because  process  uses  are  not  particularly  water  quality  sensitive,  reclaimed  effluent 
could  entirely  replace  fresh  water  in  the  recovery  and  causticizing  areas.  In  the  boilerhouse, 
reclaimed  effluent  will  not  be  substituted  for  boiler  feedwater  because  of  stringent  water  quality 
requirements  and  potential  organic  fouling  of  the  mill's  deminerallzers.  Auxiliary  uses  in  the 
boilerhouse,  include  pump  seal  water  and  cooling  water  which  can  be  replaced  by  reclaimed  cfty 
effluent.  Reclaimed  effluent  will  not  be  used  in  the  bleach  plant  because  of  potential  carryover  to 
the  more  sensitive  paper  and  pulp  machine  systems.  Reclaimed  effluent  is  used  in  washing  and 
screening  and  dewatering  due  to  lesser  sensitivity  in  waste  quality  needs.  Table  F.2  shows  direct 
reuse  will  be  27,600  mVday.  A  treatment  capacity  of  40,000  m^/day  was  selected  with  an 
additional  12,400  m^/day  being  reused  via  evaporator  cooling.  This  makeup  eventually  flows  to 
more  water  quality  sensitive  parts  of  the  mill;  however,  it  will  be  diluted  with  large  volumes  of  fresh 
water,  and  the  resulting  water  quality  may  be  adequate.  A  number  of  issues  were  identified  which 
will  require  additional  investigation,  generally  to  confirm  assumptions.  They  include: 

Laboratory  test  program:  These  tests  will  investigate  colour  and  phosphorous  removal 
by  alum  coagulation  of  the  Tacoma  effluent.  Tests  will  also  be  run  to  evaluate  slime 
control  alternatives. 

Handsheet  investigation  of  colour  requirements:  Handsheets  will  be  made  utilizing 
various  blends  of  freshwater  with  both  treated  and  untreated  Tacoma  effluent.  This  will 
allow  correlation  of  brightness  losses  or  improvements  with  degree  of  treatment  and 
percent  blend  of  recycled  effluent.  The  amount  of  reuse  in  pulp  and  paper  machine  areas 
can  be  fully  evaluated. 

Development  of  detailed  reuse  flow  scheme  and  mill  water  balance:  Preliminary 
design  of  the  reuse  distribution  header  system.  The  details  of  how  to  best  tie  into  the 
approximately  70  individual  services  in  the  mill  will  be  developed.  Knowledge  of  further 
uses  after  initial  tie-in  needs  will  be  reviewed. 

Preliminary  design  of  reuse  treatment:  An  engineering  study  of  site  alternatives  and 
development  of  site  plans,  general  arrangements,  and  process  flow  diagrams,  as  well  as 
more  refined  cost  estimates  will  be  developed. 

Evaluate  instantaneous  plant  capacity  versus  increasing  storage  costs:  Minimum 
hourly  flow  of  Tacoma  treated  wastewater  is  approximately  36,000  m^/day.  Average  daily 
flows  are  about  80,000  m^/day.  Flow  equalization  could  be  utilized  to  allow  reuse  of 
higher  effluent  flows.  The  necessary  storage  facilities  and  plant  capacity  are  economic 
tradeoffs  requiring  fufther  evaluation. 
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Mill  NPDES  permit  revisions:  The  current  mill  effluent  permit  Is  due  for  renewal.  Permit 
ciianges  will  be  negotiated  to  provide  the  mill  with  credits  for  pollutants  transferred  to  the 
mill  in  Tacoma  effluent. 

Submittal  for  Food  and  Drug  Administration  (FDA)  Approval:  The  FDA  will  investigate 
the  potential  reuse  of  treated  municipal  wastewater  because  the  mill's  product  Is  used  in 
food  packaging.  Based  on  wastewater  data  and  reuse  schematics  in  the  submittal 
pact<age,  FDA  chemists  will  prepare  and  evaluate  worst-case  scenarios. 
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Miscellaneous  (3%) 
Boiler  Feed  Water  (4%) 
Causticizing 


Bleach  Plant  (9%) 
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Figure  F.I  Water  usage  by  process  area 
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Table  F.2  Breakdown  of  reuse 

utilization 

Direct  freshwater  usage 

Reuse  alternative 

Mill  service 

m'/day 

40,000  mVday 

Paper  machines 

22,000 

0 

Pulp  machines 

3,200 

0 

Recovery 

2,800 

2,800 

Caustlclzing 

6,400 

6,400 

Evaporator  cooling 

51 ,200 

12,400 

Boilerhouse  auxiliary 

2,400 

2,400 

Bleach  plant 

11.200 

0 

Washing  and  screening 

15.200 

15.200 

Dewatering 

800 

800 

Total 

120.000 

40,000 

Use  breakdown: 

— 

27,600 

Total  direct  usages 

— 

(w/o  evap.  cooling) 

Total  Indirect  usages 

— 

12.400 

After  evap.  cooling 

GRAND  TOTAL 

— 

40.000 

Water  used  in  evaporator  cooling  enters  the  warm  and  hot  water  system  and  is  subsequently  reused  in  washing  and 
screening,  bleach  plant  and  paper  machines. 
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Introduction 

A  considerable  number  of  technical  solutions  to  the  problems  of  reducing  mill  effluent  discharges 
have  been  proposed  and  promoted  over  the  past  twenty  years.  Knowledgeable  readers  will  notice 
that  some  well-known  processes  are  not  mentioned  in  the  body  of  the  report.  The  processes 
omitted  were  considered  to  be  unsuitable,  unproven,  ineffective,  or  inapplicable  in  Ontario  mills  or 
simply  equal  to  other  technologies  in  performance  but  without  any  clear  economic 
advantage.  Some  are  discussed  below,  and  the  authors  wish  to  emphasize  that  omission  from 
the  list  of  "demonstrable  technologies"  does  not  necessarily  imply  that  the  authors  recommend 
that  the  processes  should  be  rejected  by  Ministry  of  the  Environment  approvals  staff  if  a  company 
considers  that  they  are  suitable  for  their  particular  situation  and  presents  credible  evidence  of  their 
capabilities. 


Effluent  Prevention  at  Source 

Prenox 

The  principle  of  the  Prenox  process  is  to  treat  the  pulp  with  nitrogen  dioxide  so  that  it  can  be 
subsequently  delignlfied  with  oxygen  to  a  lower  Kappa  number  than  with  conventional  oxygen 
deligntfication,  while  preserving  pulp  quality.  A  pilot  plant  was  operated,  apparently  successfully, 
in  Sweden  in  the  mid  1980's  but  the  promoters  have  not  sold  a  full  scale  system.  As  indicated  in 
the  report  on  the  Aspa  mill  in  Appendix  C,  the  capital  cost  was  estimated  to  be  $40  million  for  a 
500  ADt/day  capacity  Prenox  system,  with  operating  costs  of  $16/tonne  pulp. 

The  Prenox  process  has  been  described  by  Simonsson  (1987),  Brannland  (1990),  and  Samuelson 
(1990).  This  process  requires  towering  the  pH  in  the  middle  of  an  alkaline  fibre  line  which  can 
cause  complications  and  requires  the  addition  of  chemicals  which  would  not  othen/vise  enter  the 
chemical  recovery  system.  There  have  been  some  difficulties  involving  the  use  of  NO^  for  the 
purpose  of  lowering  the  lignin  content  and  these  have  been  investigated  by  Samuelson. 

There  are  concerns  that  the  addition  of  nitrogen  compounds  will  lead  to  an  increase  in  NO^ 
components  in  the  recovery  stack  gases  because  the  point  of  addition  in  the  pulping  process  will 
result  in  residual  chemicals  being  introduced  to  the  chemical  recovery  cycle,  There  are  concerns 
about  nitrated  phenols,  and  other  organics. 

The  Prenox  process  may  have  a  useful  place  in  the  modification  of  kraft  mills  to  lower  the  AOX  in 
effluent,  but  there  are  no  commercial  applications  and  the  only  data  in  the  public  domain  are  from 
the  developers/promoters.  The  authors  consider  that  Prenox  has  been  by-passed  by 
developments  in  extended  cooking  and  oxygen  delignification,  and  have  not  considered  it  as  a 
proven,  relevant  process  for  the  Ontario  mills.  As  discussed  in  Appendix  C,  Prenox  was  evaluated 
and  rejected  at  the  Aspa  mill. 
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Pre-chlorination  E 


The  addition  of  oxygen  to  the  first  extraction  stage  is  common  for  bleached  kraft  milis.  The  key  to 
allowing  the  addition  of  oxygen  at  this  point  is  availability  of  efficient  mixers.  It  is  a  low  cost 
change  that  has  a  positive  impact  on  costs,  capacity,  and  effluent  quality.  A  variation  of  this 
application  is  positioning  an  extraction  stage  in  front  of  the  chlorination  stage. 

The  installation  of  a  pre-penetration  tube  along  with  an  efficient  mixer  ahead  of  the  chlorination 
stage  allows  an  operation  to  provide  a  low  level  oxygen  delignificatlon  step.  The  reduction  in 
molecular  chlorine  consumption  remains  as  the  main  advantage.  However,  in  this  position  it  also 
permits  the  mill  to  use  a  second  control  point  for  the  bleach  plant  incoming  Kappa  No.  so  that  the 
bleach  plant  operates  at  a  more  uniform  production  rate.  Steady  operation  is  an  important  factor 
in  environmental  performance  as  well  as  In  maintaining  pulp  quality. 

The  pre-chlorination  E^  treatment  has  the  advantages  of  low  capital  costs,  a  significant  reduction  in 
AOX,  and  will  allow  a  higher  degree  of  substitution.  The  disadvantages  Include  higher  operating 
costs,  no  solids  recovery,  a  second  washer  may  be  required,  and  a  chemical  imbalance  occurs 
(NaOH/Clj).  Nevertheless,  it  is  a  quick  short  term  solution. 

Chlorine  monoxide  bleachinqMonox  L 

Monox  L  is  hypochlorous  acid  plus  a  nitrogen  based  additive  which  provides  cellulose  protection. 
Monox  L  requires  the  same  conditions  as  chlorine  dioxide.  Time,  temperature  and  pH  ranges  are 
identical  as  are  the  metallurgy  and  pulp/chemical  and  mixing  requirements.  It's  use  has  been 
advocated  for  replacement  of  chlorine  dioxide  in  the  D,  stage  so  that  the  displaced  chlorine 
dioxide  can  be  used  to  increase  the  level  of  substitution  in  the  chlorination  stage.  Reduction  of 
dioxins  are  accomplished  without  increasing  the  capacity  of  the  chlorine  dioxide  plant.  The 
physical  properties  of  the  pulp  for  softwood  are  slightly  inferior,  chloroform  is  still  produced  in  the 
stage  and  there  is  no  dramatic  AOX  reduction  (Galluch  1988).  The  process  has  not  been  wldeiy 
accepted.  Two  or  three  mills  are  using  it  to  assist  in  the  caustic  chlorine  balance.  The  pulp 
produced  is  used  in-plant. 

Condensate  stripping 

The  contaminated  condensates  from  the  multiple  effect  evaporators  and  digesters  are  frequently 
steam  stripped  to  remove  TRS  and  BOD.  Some  mills  have  used  air  stripping  or  waste  gas 
stripping  to  reduce  energy  consumption.  Some  of  the  older  steam  stripping  systems  required  one 
tonne  steam  per  tonne  of  pulp  for  effective  operation,  which  represents  about  15%  increase  in 
purchased  energy  costs  for  a  typical  bleached  kraft  mill.  The  recent  developments  in  steam 
stripping  have  concentrated  on  reducing  the  energy  consumption  of  this  process,  since  many  of 
the  systems  installed  in  the  1970's  have  proven  to  be  excessively  expensive  to  operate  at  their 
design  efficiency. 

Despite  the  proven  capability  of  condensate  strippers  to  reduce  effluent  BOD  and  toxicity,  a 
stripper  is  often  very  inefficient  economically  as  an  environmental  protection  measure.  The  first 
reason  is  that  most  of  the  "low  molecular  weight"  compounds  which  are  removed  can  be  removed 
biologically  at  much  lower  cost. 
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Allowances  for  stripping  condensates  in  the  effluent  treatment  systems  evaluated  In  this  report 
have  not  been  included,  since  most  mills  with  effective  odour  control  programs  already  strip 
condensates.  In  any  mill  without  an  effective  odour  control  system,  the  biological  treatment 
system  itself  will  be  a  minor  contributor  to  total  mill  odour. 

Sulphur  dioxide  treatment  of  chloiination  effluent 

The  effluent  from  the  bleach  plant  chlorination  stage  is  one  of  the  principal  sources  of  toxicity  to 
fish  In  most  bleached  kraft  pulp  mills.  It  has  been  shown  that  if  residual  molecular  chlorine  is 
stripped  from  the  chlorination  stage  effluent,  the  pH  raised  to  5.5  and  about  0.02%  sulphur  dioxide 
added,  the  effluent  toxicity  will  be  substantially  decreased  or  eliminated.  The  work  performed 
indicates  that  the  performance  of  this  treatment  process  varies  between  mills  and  wood  species, 
as  with  most  effluent  treatment  processes,  and  that  it  is  essential  that  the  unbleached  pulp  be 
washed  effectively  prior  to  bleaching.  This  process  was  used  successfully  for  a  short  time  in  the 
1960's,  and  received  renewed  attention  in  research  in  the  early  1980's  (Betts  1966,  Donnini  1981. 
1983a,  Donnini  1985).  The  authors  have  not  included  it  in  any  of  the  alternative  technology  trains, 
since  all  include  efficient  biological  treatment,  which  would  make  the  sulphur  dioxide  treatment 
redundant. 

Rapson  process  and  zero  effluent  mills 

The  Rapson  process  (Great  Lakes  FP  1980  and  McCubbin  1984)  appeared  to  offer  the  possibility 
of  a  zero-effluent  mill.  It  is  based  on  extensive  recycling  of  the  bleach  plant  process  water,  and  the 
use  of  alt  bleach  plant  effluent  for  brown  stock  washing,  so  that  all  organic  matter  removed  from 
the  pulp  during  bleaching  would  be  incinerated  in  the  recovery  boiler.  This  could  eliminate  the 
discharge  of  organochlorines,  including  dioxins,  but  there  are  no  data  available  on  the  quantities  of 
dioxins  in  the  recovery  boiler  stack  gases,  if  any. 

It  is  now  clear  that  it  will  be  impracticable  to  operate  a  mill  using  the  Rapson  process  closed  cycle, 
due  to  the  build-up  of  metals  in  the  process,  but  the  possibility  of  destroying  a  high  proportion  of 
bleach  plant  organic  wastes  by  incineration  has  some  obvious  environmental  advantages. 

A  full  scale  system  was  installed  in  the  Thunder  Bay  mill  in  the  1970's,  but  had  to  be  abandoned 
after  several  years  due  to  a  variety  of  reasons  including  corrosion.  The  Rapson  process  is  not 
concluded  to  be  proven  technology.  In  recent  personal  contacts,  two  of  the  key  engineers 
involved  with  this  attempt  at  operating  a  closed  cycle  kraft  mill.  Dr.  Howard  Rapson,  and 
Dr.  Douglas  Reeve  both  stated  that  they  do  not  recommend  attempting  to  revive  the  technology. 

Two  mechanical  pulp  mills  are  due  to  start-up  in  early  1991  and  early  1992.  If  these  are  clearly 
successful,  then  they  may  encourage  renewed  interest  in  attempting  to  build  an  effluent-free  kraft 
mill. 
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Other  External  Treatment  Processes 

Oxygen  activated  sludge  process 

In  the  early  1970's,  Union  Carbide  Corporation  introduced  a  variation  of  the  activated  sludge 
process  where  gaseous  oxygen  is  used  instead  of  air  to  maintain  the  necessary  dissoived  oxygen 
concentrations  in  the  biologicai  reaction  vessel,  and  several  vendors  now  promote  this  approach 
with  a  fair  degree  of  commerciai  success.  Many  claims  have  been  made  concerning 
improvements  in  performance  with  oxygen  vs  air,  mostly  by  vendors  of  oxygen  or  oxygen-based 
treatment  systems.  In  our  opinion,  the  considerable  additional  cost  of  oxygen  is  generally  not 
justified,  since  the  existing  systems  have  not  demonstrated  superior  performance  to  that  exhibited 
by  a  well  designed  air  activated  sludge  treatment  system.  Most  of  the  independent  reports  of 
investigations  comparing  air  and  oxygen  activated  sludge  in  the  pulp  and  paper  industry,  conclude 
that  the  oxygen  systems  do  not  demonstrate  any  performance  advantages  to  justify  their 
additional  costs.  Examples  of  these  include  Buckley  (1981)  and  Rempel  (1991). 

The  main  advantages  of  oxygen  AST  is  that  the  reactor  is  covered,  so  that  odor  and  foam  can  be 
readily  controlled.  This  advantage  will  be  tempered  in  some  situations  if  the  lower  heat  loss 
associated  with  the  covered  systems  requires  the  installation  of  effluent  cooling  towers.  This  may 
be  significant  in  urban  locations. 

The  higher  dissolved  oxygen  residuals  in  the  aeration  basin  provide  a  driving  force  allowing 
oxygen  to  penetrate  further  into  clumps  of  MLSS  biomass  thereby  maintaining  a  more  aerobic 
biomass  than  is  possible  for  conventional  AST.  The  higher  dissolved  oxygen  residual  mentioned 
above  becomes  significant  only  for  high  F/M  loaded  aeration  basins.  Within  recent  years  the 
industry  has  begun  to  recognize  that  a  more  conservative  F/M  loading  will  result  in  significant 
activated  sludge  performance  improvements  such  that  the  oxygen  activated  sludge  oxygen 
penetration  concept  discussed  above  has  become  less  significant. 

Oxidation  ditch 

The  oxidation  ditch  is  a  completely  mixed  extended  aeration,  activated  sludge  treatment  process 
which  is  operated  with  long  solids  retention  time  to  achieve  sludge  stabilization  and  near  complete 
nitrification  to  reduce  ammonia  contaminants.  The  primary  advantage  of  the  oxidation  ditch, 
compared  to  conventional  activated  sludge,  is  the  combining  of  the  wastewater  treatment  and 
sludge  stabilization  steps  and  the  resulting  simplification  of  operation. 

With  the  advent  of  deeper  ditches  (for  optimum  land  utilization)  depth  mixing  may  become 
inadequate  when  only  using  the  surface  rotor.  One  equipment  supplier  (Eimco  Corporation)  use 
vertical  flow  surface  aerators  and  a  "water  dam"  to  induce  uniform  horizontal  velocities  throughout 
the  entire  basin  depth  to  assure  adequate  mixing  in  their  oxidation  ditch  which  they  call  a 
"Carrousel".  The  key  to  aeration  in  this  design  is  matching  basin  geometry  and  aerator 
performance  in  order  to  yield  an  adequate  channel  velocity  for  mixed  liquor  solids  transport. 

The  typical  oxidation  ditch  is  constructed  in  a  "race  track"  configuration  consisting  of  a  single 
channel  or  multiple  connected  channels.  The  Carrousel  oxidation  ditch  system  at  the  Ponderay 
Newsprint  Company  -  Usk,  Washington  mill  utilizes  the  following  basic  components:  biological 
selector,  sulfite  aeration/cooling  surge  tank,  reactor  primary  clarifier  for  high  solids  bearing 
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wastewater  streams.  Carrousel  reactor,  secondary  clarifiers,  gravity  sludge  thickener,  sludge 
t)lerKllng  and  dewatering  equipment. 

A  Carrousel  reactor  is  a  conventional  oxidation  ditch  system  using  high  efficiency  surface  aerators 
as  the  means  of  Imparting  oxygen  to  the  water  and  inducing  sufficient  velocity  (0.3  m/s)  to 
channel  flows  to  keep  solkis  in  suspension.  An  F:M  of  0.18,  gives  a  solids  residence  time  (SRT)  of 
15  days  to  meet  BOD  and  TSS  standards,  and  aiso  stabilizes  the  sludge  to  be  wasted.  A  mixed 
liquor  suspended  solids  (MLSS)  of  3000  mg/L  ensures  stability  and  buffering  capacity  against 
possible  shocks  or  changes  in  feed  conditions. 

Each  of  the  two  Carrousel  basins  consists  of  eight  9.75  m  wide  channels  4.72  m  deep.  Overall 
plan  dimensions  are  80.2  m  wide  by  103,6  m  long.  Construction  is  of  concrete.  Seven  200-HP 
slow  speed,  specially  designed  surface  aerators  are  used  in  each  channel  in  the  tank.  By 
changing  the  water  level  by  up  to  0.3  m  the  motor  power  used  is  varied,  allowing  a  power 
turndown  ratio  of  up  to  60%.  One  to  three  of  the  seven  aerators  may  be  taken  out  of  service  for 
purposes  of  power  savings,  maintenance,  or  repair  without  interfering  with  secondary  treatment 
plant  operation.  The  remaining  aerators  will  be  capable  of  maintaining  sufficient  channel  velocity 
to  prevent  significant  settling  of  solids.  Feed  from  the  sulfite  aeration/cooling  tank  is  mixed  with 
recycled  sludge  in  a  small  "selector"  chamber  and  then  overflows  Into  a  turbulent  aeration  zone. 

While  the  oxidation  ditch  is  a  proven  and  effective  effluent  treatment  process,  it  has  been  omitted 
from  the  alternative  technology  trains  discussed  in  this  report  since  it  does  not  differ  sufficiently  in 
performance  from  an  activated  sludge  process  to  merit  the  time  required  for  cost  estimating  for  ail 
the  mills. 

Anaerobic  treatment 

Anaerobic  processes  for  treating  municipal  sewage  and  food  industry  wastewaters  have  a  long 
history,  but  are  little  used  in  the  pulp  and  paper  industry.  Anaerobic  treatment  has  recently 
attracted  considerable  attention,  because  technological  advances  have  reportedly  solved  some  of 
the  problems  in  treating  puiping  wastes,  and  because  of  heavy  promotion  by  several  active 
vendors  who  have  emerged  in  the  North  American  market. 

By  far  the  most  widely  used  applications  of  anaerobic  processes  in  effluent  treatment  have  been 
digestion  of  the  waste  sludge  from  municipjal  sewage  activated  sludge  treatment  plants,  where  a 
well  designed  and  operated  system  can  reduce  sludge  volumes  by  over  50%,  while  simultaneously 
improving  its  dewaterability.  The  same  process  could  be  used  for  sludge  from  pulp  and  paper 
industry  activated  sludge  systems,  but  we  are  not  aware  of  any  operating  installations. 
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History 

The  first  installation  of  an  anaerobic  treatment  system  in  the  pulp  and  paper  industry  was  at 
Container  Corporation's  waste  paper  based  boxboard  plant  at  Wabash,  Indiana,  in  1979.  An 
anaerobic  lagoon  was  installed  on  an  existing  aerated  stabilization  basin  to  reduce  the  BOD  load 
caused  by  a  plant  expansion,  downstream.  It  was  still  operating  satisfactorily  at  the  time  of  writing 
(personal  contact).  Another  early  installation  in  the  paper  industry  was  at  the  Roermand 
corrugating  medium  mill  in  Holland,  and  this  plant  has  been  the  basis  for  the  BIOPAQ  Lavalin 
systems  sold  in  North  America. 

Research  has  been  extensive.  A  recent  check  of  the  Institute  of  Paper  Chemistry's  PAPERCHEf^ 
database  showed  858  references  to  anaerobic  treatment,  and  888  to  aerobic  treatment.  This 
apparent  interest  contrasts  with  a  low  frequency  of  installation  in  the  Canadian  pulp  and  paper 
industry  where  there  are  approximately  40  aerobic  secondary  treatment  systems,  mostly 
complying  with  permit  conditions,  and  only  three  full  scale  anaerobic  treatment  systems  running, 
of  which  only  one  was  completely  operational  in  mid  1990.  In  the  US,  there  are  roughly  500 
aerobic  secondary  treatment  systems  in  the  pulp  and  paper  industry,  and  only  about  five 
anaerobic  systems. 

Although  considerable  research  interest  exist  in  anaerobic  treatment  of  pulp  and  paper  mill 
effluents  few  full-scale  mill  installations  exist.  Almost  all  of  the  success  stories  in  the  industry  deal 
with  boxboard  (linerboard)  mills  where  a  simple  low  rate  anaerobic  pond  type  system  exists.  The 
most  notable  examples  are  the  Inland  Container  mills  at  Newport,  Indiana  and  New  Johnsonville, 
Tennessee  (Strobel  1991).  A  similar  installation  exists  at  the  Sonoco  Products  Co.,  Hartsville,  SC 
mill. 

The  anaerobic  treatment  system  in  the  pulp  and  paper  mill  at  the  Sonoco  mill  at  Hartsville,  SC,  has 
been  described  by  Winslow  (1989).  The  installation  suffers  a  6degC  drop  in  South  Carolina 
winters,  and  slightly  less  in  the  summer.  The  temperature  drop  could  be  serious  in  Canada,  but 
this  would  depend  on  location  and  raw  effluent  temperature.  The  reactor  is  an  earthen  basin  with  a 
flexible  polyethylene  uninsulated  cover. 

The  major  vendors  of  anaerobic  treatment  technology  offer  high  rate  systems.  Including  the  three 
described  below.  Low  rate  systems  have  been  designed  by  consultants  and  mill  engineers,  and 
we  are  not  aware  of  any  vendors  of  proprietary  systems.  Not  surprisingly,  there  is  no  commercial 
promotion  of  the  low  rate  systems,  despite  their  apparent  success  in  a  few  locations. 

In  the  chemical  pulping  industry  few  full-scale  anaerobic  treatment  installations  exist,  many  of 
which  have  been  less  than  successful.  For  example,  the  anaerobic  reactor  commissioned  during 
1989  at  the  Alaska  Pulp  Corporation,  Sitka,  Alaska  mill  is  reportedly  still  experiencing  unsettled 
operation  even  though  an  intensive  one-year  pilot  investigation  preceded  construction  (Oetken 
1990). 

Even  in  the  relatively  few  mills  where  non-sulphur  pulping  processes  are  used,  there  will  be 
sufficient  quantities  of  hydrogen  sulphide  in  the  gas  for  it  to  be  lethal,  either  always  or  occasionally, 
so  suitable  safety  precautions  have  to  be  taken  in  design  and  operation.  While  the  necessary 
technology  is  well  known,  the  cost  is  not  insignificant. 
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At  Alaska  Pulp  Corporation  high  levels  of  dangerous  H^S  were  found  during  start  up  above  the 
lamella  surfaces  and  this  problem  has  continued  to  plague  operations  and  creates  a  safety 
problem.  Unfortunately  pilot  plant  data  on  recovery  time  required  after  shutdown  or  upset,  which 
has  been  shown  to  be  exorbitantly  long,  appears  to  have  been  confirmed  by  full-scale  operation. 

Anaerobic  treatment  at  Sturgeon  Falls 

The  MacMillan  Bloedel  mill  at  Sturgeon  Falls  installed  an  anaerobic  effluent  treatment  system  in 
1989/90  at  a  capital  cost  of  approximately  $12  million.  The  plant  was  commissioned  in  summer 
1990,  so  that  any  conclusions  on  performance  and  operating  costs  must  be  considered  as 
tentative.  Annual  operating  costs  are  not  yet  established,  but  In  November  1990  mill  management 
advised  that  then  current  Information  Indicated  that  they  would  be  approximately  $1.4  million. 
Maximum  BOD  load  is  approximately  30  tonnes/day,  with  removal  efficiency  about  70%,  so  that 
the  plant  can  remove  approximately  21  tonnes/day  BOD. 

The  direct  operating  costs  would  appear  to  be  approximately  slightly  under  $200/tonne  BOD 
removed.  The  capital  cost  is  approximately  $0.4  million/tonne  BOD  applied.  We  estimated  capital 
costs  from  one  to  two  million  dollars  per  daily  tonne  BOD  input,  and  operating  costs  from  $250 
to  $500  per  tonne  BOD  removed  for  conventional  activated  sludge  plants  and  for  the  larger 
newsprint  mills  in  Ontario.  The  costs  of  the  Sturgeon  Falls  system  appear  to  be  competitive, 
assuming  that  the  foregoing  preliminary  data  reflect  the  actual  costs  that  will  become  evident  after 
one  or  two  years  operation,  and  that  the  plant  performance  proves  to  be  reliable.  However,  If  the 
mill  has  to  install  an  aerobic  system  in  series,  the  total  cost  of  anaerobic  and  aerobic  may  exceed 
that  of  a  single,  larger  aerobic  system. 

Anaerobic  treatment  does  not  have  the  potential  to  reduce  effluent  BOD,  or  raise  the  LC50  of  pulp 
mill  effluents  to  the  levels  normally  required  by  most  Canadian  regulations,  so  it  must  always  be 
followed  by  an  aerobic  system.  Although  toxicity  reduction  is  absent  or  minimal,  it  appears  that 
the  anaerobically  treated  effluent  is  very  amenable  to  aerobic  treatment.  Operators  of  the  low  rate 
anaerobic  systems  have  reported  very  low  suspended  solids  concentration,  30  mg/L,  in 
subsequent  aerated  stabilization  basins  (Winslow  1989). 

After  many  years  of  research,  several  groups  consider  that  they  have  solved  the  technical 
problems  of  operating  anaerobic  treatment  systems  for  pulp  industry  wastes.  It  is  noticeable  that 
the  number  of  research /pilot  plant  publications  on  the  subject  has  dropped  off  sharply  in  the  past 
year  or  so,  while  a  number  of  full  scale  systems  are  now  in  extended  start-up  phases. 

In  view  of  the  number  of  Ontario  mills  that  will  prottably  have  to  Install  effluent  treatment  systems  In 
the  early  1990's,  it  is  fortunate  that  this  full  scale  experience  is  becoming  available,  and  companies 
considering  anaerobic  treatment  should  take  advantage  of  It  by  visiting  operating  systems. 

Despite  the  obvious  theoretical  advantages  of  anaerobic  processes  over  aerobic  for  treatment  of 

the  higher  concentration  pulp  mill  wastes,  careful  consideration  of  the  probability  of  attaining 
reliable  operation  with  the  desired  effluent  quality  is  required.  The  number  of  installations 
operating  by  the  early  1990's  will  lead  to  practical  data  becoming  available. 

We  are  not  optimistic  about  the  long  term  suitability  of  anaerobic  treatment  for  non-kraft  mill 
effluents  in  Ontario,  and  have  not  used  anaerobic  technology  for  estimating  costs  of  compliance 
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with  the  various  potential  levels  of  end-of-pipe  effluent  quality.  Hopefully,  experience  in  the  next 
few  years  will  prove  us  wrong,  because  the  reduction  in  sludge  disposal  problems  and  energy 
consumption  relative  to  aerobic  effluent  treatment,  would  be  welcome  If  the  anaerobic  systems 
prove  to  be  economic  and  reliable. 

Several  verxJors  offer  turnkey  or  pseudo-turnkey  high  rate  anaerobic  systems.  The  vendors 
provide  specialized  hardware  for  the  reactor's  internal  parts,  design  services,  process  know-how, 
and  sometimes  a  guarantee  of  performance.  It  Is  important  for  engineers  responsible  for  selection, 
or  regulatory  approval,  of  effluent  treatments  systems  to  realize  that  guarantees  of  process 
performance  are  extremely  difficult  to  enforce  in  court.  This  is  true  regardless  of  the  effluent 
treatment  process  involved,  so  that  in  practice  the  value  of  a  guarantee  depends  more  on  the 
goodwill,  reputation,  ethical  standards  and  financial  strength  of  the  vendor  than  on  the  legal 
wording.  This  Is  a  difficult  lesson  that  is  currently  being  learned  by  at  least  one  North  American 
pulp  and  paper  mill. 

In  comparison  with  the  major  equipment  vendors  whom  the  pulp  and  paper  industry  traditionally 
relies  on  for  boilers,  continuous  digesters,  paper  machines,  etc.,  and  who  include  considerable 
process  know-how  in  their  packages,  the  supply  infrastructure  for  anaerobic  treatment  systems  is 
relatively  immature. 

Excepting  for  liner  boa  rd/boxboard  mills  where  simple  anaerobic  systems  are  installed  It  does  not 
appear  that  anaerobic  treatment  is  a  viable  alternative  to  proven  aerobic  biological  treatment  in  the 
North  American  pulp  and  paper  industry.  For  this  reason  a  detailed  explanation  of  anaerobic 
treatment  technology  and  experience  Is  not  presented  In  this  report. 
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Complexity  of  process  control 

Anaerobic  treatment  systems  require  careful  attention,  and  thereby  require  suitable 
instrumentation  and  laboratory  facilities,  as  welt  as  one  or  more  staff  members  with  the  technical 
knowledge  to  Interpret  the  data  generated.  Operation  of  such  systems  is  not  yet  an  exact  science, 
and  In  many  cases  is  closer  to  an  ongoing  research  project  that  a  routine  Industrial  operation,  so  it 
is  essential  to  have  full  time  technical  support  staff,  as  well  as  adequate  operating  and 
maintenance  personnel.  To  maintain  high  quality  effluent,  we  consider  that  one  full  time 
professional  with  an  engineering  degree  or  similar  qualifications  Is  required,  plus  one  or  two 
technicians  for  testing.  At  least  one  full  time  shift  operator  Is  required,  and  perhaps  more  If  the 
plant  Is  not  well  designed  for  minimum  operator  latx)ur. 

Risk  of  mill  shutdown 

Historically,  the  regulatory  authorities  in  Ontario  and  other  parts  of  Canada  have  been  quite 
tolerant  of  situations  where  mills  have  installed  effluent  treatment  systems,  and  operated  them  well, 
but  had  an  accident  that  reduced  the  treatment  efficiency  for  a  period.  By  demonstrating  that 
every  effort  was  being  made  to  rectify  the  situation,  mills  were  generally  allowed  to  continue  to 
operate.  However,  with  the  increasing  public  clamor  for  high  quality  water  and  enforcement  of 
regulations,  the  danger  of  mills  having  to  halt  production  during  an  upset  in  a  waste  treatment 
system  is  rising,  and  will  presumably  be  greater  where  a  mlfl  discharges  to  a  sensitive  receiving 
water. 


Membrane  Technologies 

f^^embrane  filtration  includes  a  broad  range  of  separation  processes  from  filtration  and 
ultrafiltration  to  reverse  osmosis.  Generally  filtration  refers  to  systems  having  discrete  holes  or 
pores  in  filter  media,  generally  in  the  order  of  10^  to  10"  nanometre  (nm)  or  larger.  Efficiency 
depends  entirely  on  the  difference  in  size  between  the  pore  and  the  particle  to  be  removed. 
Filtration  processes  relative  to  molecular  size  are  Identified  in  Table  G.I. 


Table  G.1  Memly>rt»  processes 


Material  to  be  removed Approximate  size,  nm Process 

Ion  removal 


Removal  of  organics  in  true  solution 
Removal  of  organics:  subcolloidal-not  in 
true  molecular  dispersion 
Removal  of  colloidal  and  particulate 
matter 


1-20 

Diffusion  or  reverse  osmosis 

5-200 

Diffusion 

200-10,000 

Pore  flow 

75,000 

Pore  flow 

Reverse  osmosis  employs  a  semipermeable  membrane  and  a  pressure  differential  to  drive  fresh 
water  to  one  side  of  the  cell,  concentrating  salts  on  the  input  or  rejection  side  of  the  cell.  Here, 
freshwater  is  literally  squeezed  out  of  the  feedwater  solution  (Eckenfelder  1989). 

The  criteria  of  membrane  performance  are  the  degree  of  impermeability,  how  well  the  membrane 
rejects  the  flow  of  the  solute  and  the  degree  of  permeability,  or  how  easily  the  solvent  is  allowed  to 
flow  through  the  membrane.    Because  of  the  propensity  of  suspended  or  precipitated  materials 
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settling  out  on  the  membrane  surface  and  plugging  the  membrane  pores,  turbulent  flow  conditions 
must  be  maintained  (Reynolds  numbers  in  excess  of  2000). 

Membrane  life  can  be  drastically  shortened  by  undesired  constituents  in  the  feed  water,  such  as 
phenols,  bacteria,  and  fungi  as  well  as  high  temperatures  and  high  or  low  pH  values.  Generally, 
membranes  will  last  up  to  two  years  with  some  loss  in  flux  efficiency. 

The  present  development  of  membranes  limits  their  direct  application  to  treating  effluents  having  a 
total  dissolved  solids  (TDS)  not  exceeding  10,000  mg/L  Further,  the  presence  of  scale-forming 
constituents  such  as  calcium  carbonate,  calcium  sulfate,  oxides  and  hydroxides  of  iron, 
manganese,  and  silicon,  barium  and  strontium  sulfates,  zinc  sulfide,  and  calcium  phosphate  must 
be  controlled  by  pretreatment  or  they  will  require  subsequent  removal  from  the  membrane.  This 
will  be  discussed  further  below.  These  constituents  can  be  controlled  by  pH  adjustment,  chemical 
removal,  precipitation,  inhibition,  and  filtration.  Organic  debris  and  bacteria  can  be  controlled  by 
filtration,  carbon,  pretreatment,  and  chlorination.  Oil  and  grease  must  also  be  removed  to  prevent 
coating  and  fouling  of  the  membranes. 

A  summary  of  the  operational  parameters  Is  presented  in  Table  G.2. 


Table  G.2  Summary  of  system  operational  parameters 


Parameter 


Range 


Typical 


Pressure,  kPa  gage 
Temperature  deg  C 
Packing  density,  m^/m^ 
Flux,  m/d 
Recovery  factor,  % 
Rejection  factor,  % 
Membrane  life,  years 
pH 

Turbidity,  JTU 
Feedwater  velocity,  m/s 
Power  utilization,  kwh/m^ 


2800-7200 

15-40 

150-1500 

0.0035-0.030 

75-95 

85-99.5 

3-8 

0.01-0.75 
2-4.5 


4300 
20 

0.005-0.03 

80 

95 

2 

4.5-5.5 

1 


Pulp  mill  effluents  have  been  treated  by  reverse  osmosis  at  a  pressure  of  600  psi.  Wastewater 
were  concentrated  up  to  100,000  mg/L  total  solids  (Okey  1970). 

Research  using  membrane  technology  to  treat  pulp  and  paper  industry  effluents  began  seriously 
during  the  1960"s  with  the  Sulfite  Pulp  Manufacturers  Association,  Appleton,  Wisconsin.  The  high 
energy  utilization  and  short  equipment  and  material  life  made  these  applications  impractical  for 
nearly  all  industry  applications.  A  key  illustration  of  the  impracticability  of  the  problem  is  shown  in 
Figure  G.I  which  illustrates  a  proposed  effluent  treatment  plant  for  a  North  American  pulp  mill. 
This  figure  shows  that  a  complete  physical-chemical-biological  effluent  treatment  system  is 
required  for  pretreatment  prior  to  the  membrane  treatment  technology. 

The  writer  believes  that,  without  exception,  biological  processes  are  more  practical  than 
membrane  technology  for  environmental  control  in  the  pulp  and  paper  industry.  Incineration  will 
not  require  the  high  cost  pretreatment  kientified  in  Figure  G.I . 
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Despite  the  low  chance  of  success  persistent  research  efforts  continue  with  membrane 
technology.  The  Chinese  repoil  (Wagner  1989)  installation  of  an  ultrafiltration  (UF)  and  a  reverse 
osmosis  (RO)  plant  at  the  Chinese  pulp  mill  Kal  Shan  Tun  In  the  Jilln  Province  that  has  been  able  to 
meet  two  objectives:  1 .  recovery  of  lignosulphonate  and  2.  reducing  the  COD  discharge  to  a  river. 
The  membrane  filtration  plants  were  commissioned  May  1987  and  have  reportedly  been  in  steady 
operation  since  that  time,  treating  more  than  350  Iftres/mlnute  of  SSL.  Installation  of  the 
membrane  filtration  plants  has  reduced  the  outlet  of  solids  by  13,000  tonnes  per  year.  Formerly 
these  solids  were  dumped  into  a  river. 

There  are  three  main  products  from  the  filtration  plants: 

Sodium  based  lignosulphonate  (LS)  of  high  purity,  up  to  90%.  The  Na-LS  is  used 
domestically  as  a  dispersant,  eg  for  dyes,  and  It  is  also  sold  on  the  world  market 
The  permeate  from  the  UF  plant,  which  after  concentration  and  drying  can  be  used  as  a 
binder  for  fodder,  due  to  the  high  sugar  content 
RO  permeate  which  is  reused  In  the  plant. 

A  number  of  closed  cycle  technologies  such  as  ultrafiltration,  polymer  treatment,  resin  treatment, 
and  activated  carbon  treatment  would  produce  concentrated  effluent  streams  by  this  technology 
that  contain  high  concentrations  of  iignin,  Inorganic  chlorides,  and  chlorinated  organics.  These 
streams  would  have  to  be  treated  either  through  recycling  within  the  process  or  in  a  separate 
treatment  system  (i.e.  a  biological  treatment  step). 

The  Institute  of  Paper  Science  and  Technology  in  Atlanta,  which  during  the  1960's  tool<  over  the 
Sulfite  Pulp  Manufactures  Association  research  Into  membrane  technology,  continues  30  years 
later  to  research  this  technology  In  an  effort  to  achieve  closed  cycle  technologies  at  existing 
bleached  kraft  mills. 

The  authors  believe  membrane  technology  is  not  In  the  forefront  for  achieving  the  most  practical 
solutions  to  in-plant  environment  controls  in  the  pulp  and  paper  industry.  Numerous  successful 
technical  advances  of  in-plant  controls,  including  within  the  bleach  plant,  have  been  realized  within 
recent  years.  During  the  ten  year  period  of  1978  to  88  water  use  and  effluent  flows  for  the  US 
industry  as  a  whole  were  reduced  30%.  At  the  same  time  BOD/TSS  loads  were  reduced  10%. 
Final  effluent  BOD  discharges  per  unit  of  production  during  the  decade  are  today  one-third  to  one- 
quarter  the  amount  and  less  than  5%  that  of  1943.  Progress  Is  continuing  (Minor  1991).  In 
Ontario's  kraft  mills,  the  reductions  of  BOD  and  TSS  by  measures  to  reduce  discharges  at  source 
have  been  greater  as  demonstrated  by  examination  of  the  data  presented  by  Bonsor  (1988, 
pp  100-102)  which  shows  that  mills  which  did  not  have  biological  treatment  in  1988  had  reduced 
BOD  by  up  to  50%  over  the  preceding  20  years.  Mills  which  added  biological  treatment  had  of 
course  achieved  more  substantial  reductions. 

Most,  If  not  all,  membrane  technologies  for  BOD,  AOX,  TOCl  or  toxicant  removals  Incorporate 
within  themselves  a  biological  step  (Erik  1991).  The  in-plant  control  steps  are  almost  always 
unproven  and  in  some  cases  the  decisions  to  install  membrane  systems  were  teased  more  on  the 
availability  of  subsidies  than  technical  analysis.  The  results  are  often  unworkable  solutions  with 
high  total  cost.  Unfortunately  many  of  the  membrane  technologies  are  being  developed  by 
university  researchers  or  equipment  manufacturers  who  typically  do  not  have  a  clear 
understarxjing  of  industry  application  requirements  or  what  already  exists  in  the  marketplace. 
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BAT  Definition  Study,  Pulp  and  Paper  Sector 


Membrane  concepts  were  commercially  developed  more  than  30  years  ago.  Their  fundamentals 
remain  largely  unchanged  today.  The  industry  has  previously  constructed  and  discarded  fullscale 
membrane  systems.  No  large  scale  successful  industry  applications  exist  in  the  North  American 
pulp  and  paper  industry  today.  We  believe  today's  environmental  engineering  efforts  could  best 
be  spent  directed  toward  environmental  engineering  development  efforts  that  do  not  incorporate 
membrane  technologies. 
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Figure  G.1  Proposed  pretreatment  processes  prior  to  membrane  treatment 

(Rgiife  presented  to  display  the  complexity  ot  potential  membrane  systems  for  whole  mill  effluent) 

One  of  the  more  recent,  and  relatively  successful,  installations  of  membrane  technology  is  at  the 
Husum  bleached  kraft  mill  in  Sweden,  Caustic  extract  from  the  bleach  plant  is  filtered  and  the 
concentrate  burned  in  the  mill's  recovery  boiler.  The  objective  is  to  remove  the  larger  molecules 
which  are  relatively  rich  in  organochlorines.  The  principal  problem  has  been  life  of  the  membranes 
which  was  initially  very  short.  Personal  contact  with  engineers  at  the  June  1991  SPCI  conference 
in  Stockholm  indicated  that  membrane  life  was  now  expected  to  be  about  one  year,  although  they 
did  not  yet  have  demonstrated  experience  of  this.  This  system  does  not  represent  "pollution 
reduction  at  source",  but  rather  it  is  an  effluent  treatment  system  that  is  most  conveniently  installed 
in  the  mill  buildings,  close  to  the  bleach  plant. 
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Appendix  H 
Terms  of  Reference 


The  terms  of  reference  for  this  project  are  reproduced  or)  the  following  pages.  The  report  was 
prepared  under  two  contracts,  one  for  the  kraft  mills  in  Ontario  and  the  other  for  the  non-kraft 
mills.  This  single,  integrated  report  was  produced  to  take  advantage  of  the  overlaps  in 
technology,  thus  reducing  the  overall  cost. 
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ONTARIO  MINISTRY  OF  THE  ENVIRONMENT 

REQUEST  FOR  PROPOSAL 

MISA  INDUSTRIAL  PULP  AND  PAPER  SECTOR 


TITLE:      BEST  AVAILABLE  TECHNOLOGY  (BAT)  FOR  POLLUTION  CONTROL 
IN  ONTARIO  NON-KRAFT  PULP  AND  PAPER  MILLS 


OBJECTIVES ; 

INVENTORY  OF  BAT  NON-KRAFT  PULP  AND  PAPER  MILLS 

1.1  To  develop  an  inventory  of  Best  Available  Technology  (BAT) 
for  pollution  control  that  is  presently  being  used  in  the 
non-kraft  pulp  and  paper  industry.  The  inventory  should 
include,  but  not  be  limited  to,  design,  operating  and 
performance  information  and  budget  grade  estimates  of 
capital  and  operating  costs.   Best  Available  Technology 
includes  in-plant  controls  and  best  management  practices. 

The  present  Ontario  Ministry  of  the  Environment  definition 
of  the  term  "Best  Available  Technology"  is  provided  in 
Attachment  I  to  this  Request  for  Proposal. 

INVENTORY  OF  GENERIC  POLLUTION  CONTROL  TECHNOLOGIES 

1 . 2  To  develop  an  inventory  of  generic  pollution  control 
technology  that  is  applicable  to  the  non-kraft  pulp  and 
paper  industry.   The  inventory  should  include,  but  not  be 
limited  to,  design,  operating  and  performance  information 
and  budget  grade  estimates  of  capital  and  operating  costs, 

IDENTIFICATION  OF  BAT  TECHNOLOGY  TRAIN  OPTIONS 

1.3  To  evaluate  and  recommend,  where  possible,  for  each  MISA 
non-kraft  mill  subcategory,  five  technology  train  options 
for  Best  Available  Technology  (BAT)  for  pollution  control 
that  are  applicable  to  the  mills  in  that  subcategory.   The 
MISA  non-kraft  mill  subcategories  are  sulphite-mechanical, 
corrugating  and  deinking-board-f ine  papers-tissue. 

EVALUATION  OF  ONTARIO  NON-KRAFT  MILLS  WITH  RESPECT  TO  BAT 

1.4  To  develop  an  inventory  of  the  current  effluent  treatment 
technologies  and  in-plant  controls  at  each  of  the  Ontario 
non-kraft  pulp  and  paper  mills.  ■* 

1.5  To  compare  the  current  status  of  each  Ontario  non-kraft  pulp 
and  paper  mill  to  each  BAT  technology  train  option 
identified  as  applicable  to  that  mill  in  1.3. 


1.6   To  estimate,  for  each  Ontario  non-kraft  mill,  the  expected 
performance,  including  performance  variability,  of  applying 
each  BAT  technology  train  option  identified  for  that  mill. 


ESTIMATION  OF  COSTS  FOR  ONTARIO  NON-KRAFT  MILLS  TO  ACHIEVE 
BAT 

1.7   To  provide  budget  grade  estimates  of  the  capital  and 

operating  costs  for  each  Ontario  non-kraft  pulp  and  paper 
mill  to  adopt  each  of  the  applicable  BAT  technology  train 
options. 


BACKGROUND; 

The  Municipal/Industrial  Strategy  for  Abatement  (MISA) 
program  is  aimed  at  reducing  discharges  of  toxic 
contaminants  to  Ontario's  waterways.   The  ultimate  goal  of 
the  MISA  program  is  the  virtual  elimination  of  persistent 
toxic  contaminants  from  all  discharges  to  Ontario's 
receiving  waters. 

The  MISA  program  for  the  Pulp  and  Paper  Sector  consists  of  a 
one  year  Effluent  Monitoring  Regulation  which  will  be 
followed  by  an  Effluent  Limits  Regulation.   The  Effluent 
Monitoring  Regulation  will  end  on  December  31,  1990. 
Promulgation  of  the  Effluent  Limits  Regulation  is  scheduled 
for  June,  1992. 

There  are  eighteen  non-kraft  pulp  and  paper  mills  in  the 
province  of  Ontario  that  are  regulated  under  the  MISA 
program.  These  mills  are  divided  into  the  sulphite- 
mechanical,  corrugating  and  deinking-board-f ine  papers- 
tissue  subcategories.   The  non-kraft  mills  are  listed  in 
Attachment  II  to  this  Request  for  Proposal. 


FOCUS  OF  STUDY: 

2.1  The  study  should  focus  on  the  environmental  performance  of 
non-kraft  pulp  and  paper  mills  that  are  considered  to  be 
Best  Available  Technology  mills. 

2.2  The  study  should  focus  on  the  performance  of  demonstrated 
generic  treatment  technologies  that  are  not  currently  used 
by,  but  that  are  applicable  to,  non-kraft  pulp  and  paper 
mills.  The  generic  treatment  technologies  may  be  linked  in 
technology  trains  to  provide  BAT  for  each  MISA  non-kraft 
mill  subcategory. 


2.3   The  study  should  focus  on  the  identification  of  Best 

Available  Technologies  for  effluent  control  including  in- 
plant  control  and  best  ntanageroent  practices. 


TASKS : 

INVENTORY  OF  BAT  NON-KRATT  PULP  AND  PAPER  MILLS 

3 . 1  Assemble  information  on  the  performance  of  non-kraf t  pulp 
and  paper  mills  employing  BAT  components.   The  information 
should  include: 

1.  Mill  name  and  location. 

2.  Mill  age/process  technology  age. 

3.  Manufacturing  processes  and  design  capacity. 

4.  Products  and  by-products. 

5.  Raw  materials, 

6.  Rates  of  water  use,  reuse,  and  recycle. 

7.  Flow  of  wastewater  per  unit  of  production. 

8.  Technologies  used  for  pollution  reduction  and  control 
in  the  mill. 

9.  Effluent  quality,  including  toxicity  data  (if 
available) . 

10.  Effluent  related  regulatory  requirements  (mill 
permits) . 

3.2  The  following  information  should  be  provided  for  each 
technology  identified  in  3.1.8: 

1.  Pollutants  controlled  and  removal  efficiencies. 

2.  Flow  ranges  in  which  the  technology  can  be  applied. 

3.  Range  of  raw  wastewater  quality  with  respect  to 
parameters  that  the  technology  is  designed  to  treat, 

4.  Effluent  quality  information  with  respect  to  the  long 
term  average  concentrations  and  standard  deviation  that 
the  technology  can  achieve  for  individual  parameter 
removal. 

5.  Capital  and  operating  costs  of  the  technology. 

6.  Costs  of  waste  disposal  associated  with  the  technology, 

7.  Energy  requirements  of  the  technology. 

8.  Comparison  of  the  original  design  criteria  to  current 
operation  and  performance. 

9.  Limitations  of  the  technology. 


INVENTORY  OF  GENERIC  POLLUTION  CONTROL  TECHNOLOGIES 

4.1  Assemble  information  on  generic  treatment  technologies  that 
are  not  currently  used  by,  but  that  are  applicable  to  non- 
kraft  pulp  and  paper  mills.  The  Consultant  will  provide  the 
information  requested  in  3,2. 

IDENTIFICATION  OF  BAT  TECHNOLOGY  TRAIN  OPTIONS 

5.1  The  Consultant  will  identify,  where  possible,  five 
technology  train  options  for  each  MISA  non-kraft  mill 
subcategory,  that  advance  the  Pulp  and  Paper  Sector  towards 
the  MISA  goal  of  the  virtual  elimination  of  toxics. 

5.2  The  Consultant  will  identify  technology  train  options  which 
minimize  wastewater  flows. 

5.3  The  Consultant  will  identify  technology  train  options  which 
produce  effluent  that  passes  the  Ontario  Ministry  of  the 
Environment  acute  toxicity  tests  for  Rainbow  Trout  and 
Daphnia  magna. 

5.4  The  Consultant  will  rank  technology  train  options  with 
respect  to  cost  and  overall  environmental  performance. 

5.5  The  Consultant  will  provide  the  information  requested  in  3.2 
for  each  of  the  technology  train  options  identified. 


EVALUATION  OF  ONTARIO  NON-KRAFT  MILLS  WITH  RESPECT  TO  BAT 

6.1  The  Consultant  will  develop  an  inventory  of  the  current 
effluent  treatment  technologies  and  in-plant  controls  at 
each  of  the  Ontario  non-kraft  pulp  and  paper  mills. 

6.2  The  Consultant  will  compare  the  current  status  of  each 
Ontario  non-kraft  pulp  and  paper  mill  to  the  BAT  technology 
train  options  identified  as  applicable  to  that  mill. 

6.3  The  Consultant  will  estimate,  for  each  Ontario  non-kraft 
mill,  the  expected  performance,  including  performance 
variability,  of  applying  each  BAT  technology  train  option 
identified  for  that  mill.  This  will  include  an  estimate  of 
the  loadings  of  toxic  contaminants,  conventional  parameters 
and  non-conventional  parameters  that  will  be  expected  in  the 
wastewaters  generated  from  the  use  of  the  BAT  technology 
train  option. 


ESTIMATION  OF  COSTS  FOR  ONTARIO  WON-KRAFT  MILLS  TO  ACHIEVE 
BAT 

7.1  The  Consultant  will  provide  budget  grade  estimates  of  the 

capital  and  operating  costs  for  each  Ontario  non-kraft  pulp 
and  paper  mill  to  adopt  each  of  the  BAT  technology  train 
options  identified  for  that  mill. 


REPORTING  REQUIREMENTS! 

8.1  On  a  monthly  basis,  for  the  duration  of  the  contract,  the 
Consultant  will  meet  with  the  Ministry  Project  Liaison 
Officer  and  the  MISA  Pulp  and  Paper  Sector  BAT  Subcommittee 
and  will  summarize  all  activities  and  findings  from  the 
previous  month  and  planned  future  activities. 

8.2  The  Consultant  will  prepare  a  draft  report  on  the  findings 
of  the  above  tasks.   To  the  greatest  extent  possible,  the 
report  should  include  all  raw  data  from  which  conclusions 
have  been  made. 

8.3  The  Consultant  will  prepare  a  final  report  after  review  and 
comment  by  the  Project  Liaison  Officer  and  the  MISA  Pulp  and 
Paper  Sector  BAT  Subcommittee. 

The  date  by  which  the  draft  report  must  be  submitted  is  May 
31,  1991  and  the  final  report  must  be  submitted  one  month 
later. 


PROPOSAL  REQUIREMENTS! 

9.1   Formal  proposals  are  being  reguested  from  all  interested 
consultants  in  order  to  facilitate  the  selection  process. 
The  proposal  should  provide  details  of  the  following: 

1.  Understanding  of  the  project  and  services  to  be 
provided. 

2.  Curriculum  vitae  of  designated  experts  assigned  to 
the  project  team. 

3.  Corporate  qualifications  and  previous  relevant 
experience. 

4.  Per  diem  rates  for  all  staff  on  the  project  team. 

5.  Estimated  cost,  time  and  staff  to  perform  each 
task,  based  on  the  Consultant's  knowledge  of  the 
extent  of  work  required. 

6.  Estimated  expenses  by  expense  category. 


ONTARIO  MINISTRY  OF  THE  ENVIRONMENT 

REQUEST  FOR  PROPOSAL 

MISA  INDUSTRIAL  PULP  AND  PAPER  SECTOR 


TITLE:     BEST  AVAILABLE  TECHNOLOGY  (BAT)  FOR  POLLUTION  CONTROL 
IN  ONTARIO  KRAFT  PULP  AND  PAPER  MILLS 


OBJECTIVES; 

INVENTORY  OF  BAT  KRAFT  PULP  AND  PAPER  MILLS 

1.1  To  develop  an  inventory  of  Best  Available  Technology  (BAT) 
for  pollution  control  that  is  presently  being  used  in  the 
kraft  pulp  and  paper  industry.  The  inventory  should  include, 
but  not  be  limited  to,  design,  operating  and  performance 
information  and  budget  grade  estimates  of  capital  and 
operating  costs.   Best  Available  Technology  includes  in- 
plant  controls  and  best  management  practices . 

The  present  Ontario  Ministry  of  the  Environment  definition 
of  the  term  "Best  Available  Technolgy"  is  provided  in 
Attachment  I  to  this  Request  for  Proposal. 

INVENTORY  OF  GENERIC  POLLUTION  CONTROL  TECHNOLOGIES 

1.2  To  develop  an  inventory  of  generic  pollution  control 
technology  that  is  applicable  to  the  kraft  pulp  and  paper 
industry.   The  inventory  should  include,  but  not  be  limited 
to,  design,  operating  and  performance  information  and 
budget  grade  estimates  of  capital  and  operating  costs. 

IDENTIFICATION  OF  BAT  TECHNOLOGY  TRAIN  OPTIONS 

1.3  To  evaluate  and  recommend,  where  possible,  five  technology 
train  options  for  Best  Available  Technology  (BAT)  for 
pollution  control  that  are  applicable  to  the  Ontario  kraft 
mills. 

EVALUATION  OF  ONTARIO  KRAFT  MILLS  WITH  RESPECT  TO  BAT 

1.4  To  develop  an  inventory  of  the  current  effluent  treatment 
technologies  and  in-plant  controls  at  each  of  the  Ontario 
kraft  pulp  and  paper  mills, 

1.5  To  compare  the  current  status  of  each  Ontario  kraft  pulp  and 
paper  mill  to  the  BAT  technology  train  options  identified  in 
1.3. 


1.6  To  estimate  the  expected  performance,  including  performance 
variability,  of  the  BAT  technology  train  options  as  applied 
to  each  of  the  Ontario  Kraft  pulp  and  paper  mills, 

ESTIMATION  OF  COSTS  FOR  ONTARIO  KRAFT  MILLS  TO  ACHIEVE  BAT 

1.7  To  provide  budget  grade  estimates  of  the  capital  and 
operating  costs  for  each  Ontario  kraft  pulp  and  paper  mill 
to  adopt  each  of  the  BAT  technology  train  options  identified 
in  1.3. 

BACKGROUND; 

The  Municipal/ Industrial  Strategy  for  Abatement  (MISA) 
program  is  aimed  at  reducing  discharges  of  toxic 
contaminants  to  Ontario's  waterways.   The  ultimate  goal  of 
the  MISA  program  is  the  virtual  elimination  of  persistent 
toxic  contaminants  from  all  discharges  to  Ontario's 
receiving  waters. 

The  MISA  program  for  the  Pulp  and  Paper  Sector  consists  of  a 
one  year  Effluent  Monitoring  Regulation  which  will  be 
followed  by  an  Effluent  Limits  Regulation.   The  Effluent 
Monitoring  Regulation  will  end  on  December  31,  1990. 
Promulgation  of  the  Effluent  Limits  Regulation  is  scheduled 
for  June,  1992. 

There  are  nine  kraft  pulp  and  paper  mills  in  the  province  of 
Ontario  that  are  regulated  under  the  MISA  program.  These 
mills  are  listed  in  Attachment  II  to  this  Request  for 
Proposal, 


FOODS  OF  STUDY; 

2.1  The  study  should  focus  on  the  environmental  performance  of 
kraft  pulp  and  paper  mills  that  are  considered  to  be  Best 
Available  Technology  mills. 

2.2  The  study  should  focus  on  the  performance  of  demonstrated 
generic  treatment  technologies  that  are  not  currently  used 
by,  but  that  are  applicable  to,  kraft  pulp  and  paper  mills. 
The  generic  treatment  technologies  may  be  linked  in 
technology  trains  to  provide  BAT  for  the  MISA  Pulp  and  Paper 
Sector  Sulphate  (kraft)  Subcategory. 

2.3  The  study  should  focus  on  the  identification  of  Best 
Available  Technologies  for  effluent  control  including  in- 
plant  control  and  best  management  practices. 


2.4   The  study  should  focus  on  the  identification  of  Best 

Available  Technologies  that  will  reduce  or  eliminate  the 
discharge  of  organochlorines  including  chlorinated  dioxins 
and  furans.   Alternative  bleaching  technologies  that  do  not 
use  chlorine  or  chlorine  compounds  for  bleaching  should  also 
be  investigated. 


TASKS ; 

INVENTORY  OF  BAT  KRAFT  PULP  AND  PAPER  MILLS 

3.1  Assemble  information  on  the  performance  of  kraft  pulp  and 
paper  mills  employing  BAT  components.   The  information 
should  include: 

1.  Mill  name  and  location. 

2.  Mill  age/process  technology  age. 

3.  Manufacturing  processes  and  design  capacity. 

4.  Products  and  by-products. 

5.  Raw  materials. 

6.  Rates  of  water  use,  reuse,  and  recycle. 

7.  Flow  of  wastewater  per  unit  of  production. 

8.  Technologies  used  for  pollution  reduction  and  control 
in  the  mill. 

9.  Effluent  quality,  including  toxicity  data  (if 
available) . 

10.  Effluent  related  regulatory  requirements  (mill 
permits) . 

3.2  The  following  information  should  be  provided  for  each 
technology  identified  in  3.1.8: 

1.  Pollutants  controlled  and  removal  efficiencies, 

2.  Flow  ranges  in  which  the  technology  can  be  applied. 

3.  Range  of  raw  wastewater  quality  with  respect  to 
parameters  that  the  technology  is  designed  to  treat. 

4.  Effluent  quality  information  with  respect  to  the  long 
term  average  concentrations  and  standard  deviation  that 
the  technology  can  achieve  for  individual  parameter 
removal. 

5.  Capital  and  operating  costs  of  the  technology. 

6.  Costs  of  waste  disposal  associated  with  the  technology. 

7.  Energy  requirements  of  the  technology. 

8.  Comparison  of  the  original  design  criteria  to  current 
operation  and  performance. 

9.  Limitations  of  the  technology. 


INVENTORY  OF  GENERIC  POLLUTION  CONTROL  TECHNOLOGIES 

4,1  Assemble  information  on  generic  treatment  technologies  that 
are  not  currently  used  by,  but  that  are  applicable  to  kraft 
pulp  and  paper  mills.  The  Consultant  will  provide  the 
information  requested  in  3.2. 


IDENTIFICATION  OF  BAT  TECHNOLOGY  TRAIN  OPTIONS 

5.1  The  Consultant  will  identify,  where  possible,  five 
technology  train  options  that  advance  the  Pulp  and  Paper 
Sector  towards  the  MISA  goal  of  the  virtual  elimination  of 
toxics. 

5.2  The  Consultant  will  identify  technology  train  options  which 
minimize  wastewater  flows. 

5.3  The  Consultant  will  identify  technology  train  options  which 
produce  effluent  that  passes  the  Ontario  Ministry  of  the 
Environment  acute  toxicity  tests  for  Rainbow  Trout  and 
Daphnia  magna. 

5.4  The  Consultant  will  rank  technology  train  options  with 
respect  to  cost  and  overall  environmental  performance. 

5.5  The  Consultant  will  provide  the  information  requested  in  3 . 2 
for  each  of  the  technology  train  options  identified. 


EVALUATION  OF  ONTARIO  KRAFT  MILLS  WITH  RESPECT  TO  BAT 

6.1  The  Consultant  will  develop  an  inventory  of  the  current 
effluent  treatment  technologies  and  in-plant  controls  at 
each  of  the  Ontario  kraft  pulp  and  paper  mills. 

6.2  The  Consultant  will  compare  the  current  status  of  each 
Ontario  kraft  pulp  and  paper  mill  to  the  BAT  technology 
train  options  identified. 

6.3  The  Consultant  will  estimate  the  expected  performance, 
including  performance  variability,  of  the  BAT  technology 
train  options  as  applied  to  each  of  the  Ontario  kraft  pulp 
and  paper  mills.  This  will  include  an  estimate  of  the 
loadings  of  toxic  contaminants,  conventional  parameters  and 
non-conventional  parameters  that  will  be  expected  in  the 
wastewaters  generated  from  the  use  of  each  BAT  technology 
train  option  at  each  Ontario  kraft  pulp  and  paper  mill. 


ESTIMATION  OF  COSTS  FOR  ONTARIO  KRAFT  MILLS  TO  ACHIEVE  BAT 

7.1   The  Consultant  will  provide  budget  grade  estimates  of  the 

capital  and  operating  costs  for  each  Ontario  kraft  pulp  and 
paper  mill  to  adopt  each  of  the  BAT  technology  train  options 
identified. 


REPORTING  REQUIREMENTS; 

8.1  On  a  monthly  basis,  for  the  duration  of  the  contract,  the 
Consultant  will  meet  with  the  Ministry  Project  Liaison 
Officer  and  the  MISA  Pulp  and  Paper  Sector  BAT  Subcommittee 
and  will  summarize  all  activities  and  findings  from  the 
previous  month  and  planned  future  activities. 

8.2  The  Consultant  will  prepare  a  draft  report  on  the  findings 
of  the  above  tasks.   To  the  greatest  extent  possible,  the 
report  should  include  all  raw  data  from  which  conclusions 
have  been  made. 

8.3  The  Consultant  will  prepare  a  final  report  after  review  and 
comment  by  the  Project  Liaison  Officer  and  the  MISA  Pulp  and 
Paper  Sector  BAT  Subcommittee. 

The  date  by  which  the  draft  report  must  be  submitted  is  May 
31,  1991  and  the  final  report  must  be  submitted  one  month 
later. 


PROPOSAL  REQUIREMENTS: 

9.1   Formal  proposals  are  being  requested  from  all  interested 
consultants  in  order  to  facilitate  the  selection  process. 
The  proposal  should  provide  details  of  the  following: 

1,  Understanding  of  the  project  and  services  to  be 
provided. 

2.  Curriculum  vitae  of  designated  experts  assigned  to 
the  project  team. 

3.  Corporate  qualifications  and  previous  relevant 
experience. 

4,  Per  diem  rates  for  all  staff  on  the  project  team. 

5.  Estimated  cost,  time  and  staff  to  perform  each 
task,  based  on  the  Consultant's  knowledge  of  the 
extent  of  work  required. 

6,  Estimated  expenses  by  expense  category. 
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Glossary 


This  glossary  is  intended  to  assist  readers  unfamiliar  with  the  technical  terminology  in  the  report. 
Many  terms  are  standard  in  the  fields  of  pulp  and  paper  technology  or  environmental  science, 
and  are  presented  here  for  the  readers  convenience.  Readers  are  recommended  to  refer  to 
Smook  (1990)  for  a  more  complete  glossary  of  pulp  and  paper  industry  terminology. 

Some  terminology  is  not  at  all  standardised.  The  authors  have  attempted  to  define  all  such  terms 
used  in  the  report  in  this  glossary,  in  the  context  of  their  use  herein. 


2.3,7,8-TCDD 

2,3,7,8-TCDF 

Activated  sludge 
process 


Tetrachlorodibenzo-p-dioxin. 


Tetrachlorodibenzofuran. 


Biological  treatment  where  micro-organisms  are  decanted  after  the 
principal  reaction  vessel  and  recycled  to  the  effluent  stream.  Also  known 
as  "Activated  Sludge  Treatment"  or  "Waste  Activated  Sludge  Treatment". 


Active  chlorine  multiple   In  a  mixture  containing  molecular  chlorine  and  chlorine  dioxide.    This 

quantiity  represents  the  oxidizing  power  of  the  molecular  chlorine  and 
chlorine  dioxide  expressed  as  molecular  chlorine  equivalents.  The  active 
chlorine  multiple  is  calculated  as  follows: 

(CI,  +  CIO,  *  2.63)%  on  o.d.  pulp 
Kappa  number  of  the  unbleached  pulp. 

Acute  With  reference  to  toxicity,  happening  quickly,  usually  within  4  to  7  days  for 

fish.  Can  describe  an  effect,  or  the  duration  of  a  test,  e.g.  an  acute  test. 
An  acute  effect  could  be  a  mild  or  sublethal  one. 


ADI 


Aerated  stabilization 
basin 

Aerobic  treatment 


Air  dry 


Acceptable  Daily  Intake.  The  amount  of  a  substance  that  is  considered 
"safe"  to  take  into  the  body,  on  a  daily  basis,  for  a  lifetime.  This  is  almost 
always  for  humans.  The  value  of  ADI  is  decided  by  a  regulatory  body, 
after  considering  relevant  scientific  data. 

Biological  treatment  process  characterized  by  absence  of  sludge  recycle 
and  by  a  long  hydraulic  retention  time  {typically  several  days). 

Refers  to  biological  processes  to  treat  effluents,  In  which  the  principal 
reactions  take  place  in  the  presence  of  dissolved  oxygen. 

The  term  "Air  dry"  refers  to  pulp  and  signifies  90%  dry  fibre  and  10% 
moisture  (1  ADt  =  900  kg  OD  pulp).  The  abbreviation  t^  is  frequently 
used  in  Scandanavia. 


Anaerobic  treatment 


Refers  to  biological  processes  for  effluent  treatment  in  which  the  principal 
reactions  take  place  in  the  absence  of  dissolved  oxygen. 
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AOX  Adsorbable  Organic  Halogens.  A  measurement  of  the  amount  of  chlorine 

attached  to  organic  substances.  The  amount  of  AOX  measured  in  a 
sample  according  to  a  German  standard  test  (DIN  39-409)  or  similar  tests. 
Chlorine  is  the  only  halogen  used  In  significant  quantities  In  pulp  mills. 
The  measurement  is  expressed  as  weight  of  the  halogens  (chlorine),  not 
the  weight  of  the  entire  organic  molecule. 

ASB  Refer  to  aerated  stabilization  basin. 

AST  Activated  Sludge  Treatment.  Synonymous  with  activated  sludge  pocesss. 

Atomic  Chlorine  refers  to   any  form   of   chlorine,    combined  with   other   elements    or 

molecular  (qv) 

Atomic  chlorine  multiple  In  a  mixture  containing  molecular  chlorine  and  chlorine  dioxide,  this 

quantity  represents  the  total  chlorine  present  in  the  system.     Atomic 
chlorine  refers  to  any  form  of  chlorine,  that  is,  molecular  chlorine  and 
chlorine  combined  with  other  elements;  eg.  CIO^,  NaOCI,  etc.combined  or 
molecular  The  atomic  chlorine  multiple  is  calculated  as  follows; 
(CI2  +  CIO2  *  2.63/5)%  on  o.d.  pulp 
Kappa  number  of  the  unbleached  pulp. 

AVG30  30  day  rolling  average  performance  of  a  treatment  plant; 

AVG3,  =  Y,  ^i 

i  =  1 
n 

where  n=  number  of  data  points  in  that  30  day  period. 

The  term  is  used  to  evaluate  the  performance  of  a  treatment  plant. 
Outliers  are  included  in  the  measure,  so  that  in  the  case  of  extreme 
outliers,  the  AVG30  may  exceed  the  MAX95  which  excludes  outliers. 

Performance  may  refer  to  concentration,  mass  or  other  effluent 
characteristic  measured  on  a  24  hour  composite  sample  of  mill  effluent. 

AVG95  Annual  95th  percentile  of  the  distribution  of  daily  performance  of  a 

treatment  plant.  Essentially  the  long  term  average  discarding  the  top  and 
bottom  2.5%  of  values.  An  approximate  calculation  has  been  used  in  this 
report; 

AVG^  =  5]  X, 


i  =  (0.025  ■  n) 


o  dsc. 


n 
where  n-  number  of  data  points  in  that  30  day  period. 
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BCTMP 
Benthic 


Bioaccumulation 


Bioassay 


BK,  BKM,  BKME. 


Black  liquor 


Bleaching 


Blow  tank 


BOD 


Bone  dry(BD) 


Performance  may  refer  to  concentration,  mass  or  otfier  effluent 
characteristic  measured  on  a  24  hour  composite  sample  of  mill  effluent. 

Bleached  Chemi-Thermomechanical  Pulp. 

An  adjective  describing  organisms  that  live  on  the  bottom  In  a  body  of 
water,  or  non-living  things  that  are  on  the  bottom,  or  part  of  the  bottom. 
Most  often  used  for  "benthic  invertebrates".  Benthos  is  a  noun  referring  to 
the  assemblage  of  organisms  that  live  in,  on  or  near  the  sediment  or  other 
substrate  of  a  body  of  water. 

A  general  term,  meaning  that  an  organism  stores  within  its  body,  a  higher 
concentration  of  a  substance  than  is  found  in  the  environment.  This  is  not 
necessarily  fiarmful.  For  example,  freshwater  fish  must  bioaccumulate 
common  salt  if  they  are  to  live.  Many  toxicants,  such  as  arsenic,  can  be 
handled  and  excreted  by  aquatic  organisms,  so  that  they  are  not  included 
among  the  dangerous  bioaccumulative  substances. 

This  term  can  be  used  for  toxicity  tests  with  fish,  but  it  is  probably  best  to 
reserve  it  for  the  formalist  procedures  used  in  testing  the  potency  of  drugs 
(pharmaceuticals). 

Abbreviations  for  Bleached  Kraft,  Bleached  Kraft  Mill,  and  Bleached  Kraft 
Mill  Effluent.  All  refer  to  a  pulp  mill  that  operates  by  the  kraft  or  sulphate 
process,  and  bleaches  some  or  all  of  the  product. 

A  liquid  in  the  kraft  process,  composed  of  spent  pulping  chemicals  and 
wood  residues.  Weak  black  liquor  refers  to  concentrations  under  20% 
solids,  strong  black  liquor  to  concentrations  over  50%  solids. 

In  the  context  of  this  report,  refers  to  raising  the  brightness  of  chemical 
pulps  by  selective  chemical  removal  of  residual  lignin  and  other  coloured 
materials.  Refer  also  to  "brightening".  Most  bleaching  processes  use 
chlorine  compounds. 

A  tank  which  receives  the  pulp  discharged  (blown)  from  the  digester  in  a 
chemical  pulp  mill 

Biochemical  Oxygen  Demand  is  a  property  of  water  or  wastewater, 
determined  by  measuring  the  quantity  of  oxygen  consumed  by  a  sample 
under  controlled  conditions  (20  deg  C,  neutral  pH)  for  a  defined  time 
period.  The  most  commonly  used  period  in  North  America  is  5  days 
which  is  sometimes  written  as  8005.  BOD  is  expressed  as  mg/L  ("parts 
per  million"),  the  same  unit  as  is  customary  for  dissolved  oxygen,  or 
simply  as  a  weight,  as  in  "kg  of  BOD  per  tonne  of  pulp". 

Outdated  term  for  oven  dry  (qv). 
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Bound  soda 


Brightening 


Brightness 

Brown  stock 

Carcinogenic 

Caustic 

Caustic  extraction 

Causticiser 

Chemical  pulp 


Chlorine-compound- 
free 


Chlorine  dioxide 
substituton 


Chlorine  equivalent 
Chlorine  free 


In  brown  stock  washing,  soda  that  is  retained  in  the  pulp  by 
physical /chemical  forces,  is  referred  to  as  bound  soda.  Mill  control  tests 
sometimes  exclude  bound  soda  in  routine  tests  and  account  for  it  by  a 
predetermined  factor.  Normally  expressed  as  NajSO^. 

Chemical  modification  of  lignin  and  other  coloured  components  of  high 
yield  pulps  in  the  mechanical-sulphite  spectrum  to  raise  brightness.  The 
coloured  components  are  not  removed,  in  contrast  to  bleaching 
processes  (qv).  Brightening  processes  do  not  use  chlorine  compounds. 

A  measure  of  the  whiteness  of  paper  as  compared  to  a  standard. 

Kraft  slush  pulp  prior  to  bleaching.  Unbleached  pulp  from  an  alkaline 
pulping  process. 

Capable  of  causing  cancer. 

Commonly  used  name  for  sodium  hydroxide. 

Bleaching  stage  where  highly  coloured  organics  are  dissolved  with  alkali, 
normally  NaOH. 

A  tank  used  to  allow  calcium  hydroxide  and  sodium  carbonate  to  react 
and  form  sodium  hydroxide  and  calcium  carbonate. 

Wood  pulp  which  has  been  manufactured  by  chemically  separating  the 
fibres  that  make  up  solid  wood.  Kraft  and  sulphite  are  the  most  common 
examples.  The  term  chemical  contrasts  with  mechanical,  (qv).  Since  the 
1970's,  a  significant  and  increasing  proportion  of  wood  pulps  have  been 
hybrid  mechanical/chemical. 

Pulp  bleached  without  any  chlorine  compounds.  In  a  traditional  bleach 
plant  this  would  imply  elimination  of  use  of  chlorine,  chlorinie  dioxide 
and  hypochlorite. 

Although  an  unprecise  expression,  this  term  generally  refers  to  the 
practice  of  replacing  the  bleaching  function  of  molecular  chlorine  with 
chlorine  dioxide. 

Refer  to  "Equtvlalent  chlorine" 

Poorly  defined  term.  Some  users  mean  pulp  which  is  bleached  without 
the  use  of  molecular  chlorine,  when  it  usually  refers  to  pulp  bleached  with 
100%  chlorine  dioxide  substitution  in  the  chlorination  stage.  Others  mean 
chlorine-compound-free  when  using  this  term.  Refer  also  to  molecular 
chlorine. 
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Chronic 


CMP 


Long-lasting  or  continued.  Can  refer  to  the  effect  or  the  duration  of 
exposure.  In  mammalian  toxicology,  usually  signifies  exposures  lasting  at 
least  one-tenth  of  a  lifetime.  In  aquatic  toxicology,  is  sometimes  used  to 
mean  a  full  life-cycle  test. 

Chemi mechanical  Pulping.  Chips  are  pretreated  with  a  chemical  at  an 
elevated  temperature  prior  to  atmospheric  refining  to  produce  a  pulp  yield 
over  80%. 


COD 


Condensate 


Coniferous  trees 


Consistency 


Chemical  Oxygen  Demand.  A  similar  concept  to  BOD,  except  that  the 
measurement  is  of  oxygen  consumed,  based  on  rapid  chemical  oxidation 
of  the  sample.  BOD  and  COD  are  generally  poorly  correlated. 

Water  condensed  from  steam  which  has  come  into  contact  with  a  surface 
at  a  lower  temperature  during  a  process.  Contaminated  or  foul 
condensate  usually  refers  to  a  condensed  vapor  from  evaporation  of 
black  liquor  or  other  spent  pulping  liquor. 

Cone-bearing  and  evergreen  trees,  such  as  spruce,  hemlock,  Douglas  fir, 
pine. 

Weight  per  cent  of  moisture  free,  or  air  dry  (as  specified)  fibres  in  a 
suspension  of  pulp  fibres  in  water. 


Conventional  bleaching  Refers  to  the  bleaching  of  kraft  pulps  obtained  by  conventional  pulping  to 
market  brightness  by  the  sequential  use  of  the  following  stages:  chlorine 
with  no  more  than  10%  substitution  of  molecular  chlorine  with  chlorine 
dioxide;  sodium  hydroxide  with  or  without  oxygen;  chlorine  dioxide  or 
sodium  hypochlorite  or  both;  sodium  hydroxide;  and  chlorine  dioxide. 


Conventional  pulping 


Cook 


CTMP 


DBD 


Conventional  pulping  refers  to  the  pulping  of  softwoods  to  obtain  a 
bleachable  grade  of  pulp  with  a  lignin  content  measured  as  30  Kappa 
number,  plus  or  minus  5  units,  using  co-current  continuous  digesters  or 
conventionally  blown  batch  digesters. 

Normal  term  in  the  pulp  and  paper  industry  for  the  chemical  pulping 
process  in  the  digester  where  the  fibre  is  separated  from  lignin  by 
chemicals  under  conditions  of  elevated  temperature  and  pressure. 

Chemi-thermomechanical  pulping.  Similar  to  TMP.  Chemical  is  added  to 
the  chips  either  prior  to  or  during  the  presteaming  of  the  chips  with 
first-stage  refining  at  an  elevated  temperature  of  over  100  deg  C  and  any 
subsequent  refining  at  atmospheric  pressure.  Retention  time  and 
pressure  in  the  presteaming  device  is  normally  such  that  yields  are  in  the 
90%  plus  range. 

Dibenzo-p-dioxin.  A  precursor  present  in  certain  raw  materials,  when 
chlorinated  it  can  be  converted  to  TCDD. 
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DBF 


Dibenzo-p-furan.  A  precursor  which  is  detectable  in  chips,  unbleached 
pulp  and  raw  material  supplies  or  additives.  When  chlorinated  it  can  be 
converted  to  TCDF. 


Decanter  (turpentine)      A  tani<  used  to  separate  turpentine  from  condensate. 


Deciduous  trees 


Decker 


Hardwoods  or  broadleaf  trees  which  lose  their  leaves  in  winter,  such  as 
alder,  maple,  oak,  birch,  cottonwood. 

An  apparatus  for  dewatering  pulp  by  filtering  the  fibres  out  on  a  mesh 
covered  drum. 


Defiber 


Dilution  factor 


Dissolved  solids 


DO 


EC50 


Ecosystem 


Effluent 


Effluent  standard 


Elemental  chlorine 


Break  wood  down  into  separate  fibres,  usually  by  mechanical  means,  to 
make  wood  pulp. 

A  measure  of  the  efficiency  in  pulp  washing  when  the  pulp  is  well  washed. 
Mathematically  the  dilution  factor  is  the  ratio  of  incoming  water  consumed 
to  oven  dry  pulp  washed. 

Substances  that  are  dissolved  in  the  water,  and  will  pass  through  the  filter 
used  In  the  standard  method  of  measurement.  They  are  measured  by 
evaporating  the  water  and  weighing  the  solids  that  are  left  behind. 

Dissolved  oxygen,  normally  measured  in  milligrams/litre  and  widely  used 
as  a  criterion  of  receiving  water  quality. 

Median  effective  concentration.  As  LC50,  except  that  it  may  apply  to  any 
effect,  lethal  or  non-iethal.  The  effect  as  well  as  the  exposure-time  must 
be  specified. 

An  interacting  system  of  all  living  organisms  in  a  circumscribed  region  of 
similar  characteristics,  and  the  non-living  substrate,  nutrients,  energy,  and 
other  environmental  components. 

A  waste  material  discharged  into  the  environment.  In  this  report,  the 
effluent  refers  to  the  liquid  waste  with  its  suspended  and  dissolved 
materials,  which  is  discharged  into  surface  waters. 

A  regulation  concerning  the  quality  of  a  liquid  waste,  or  the 
concentrations  of  substances  that  it  may  contain.  This  standard  applies 
"at  the  end  of  the  pipe". 

Refers  to  chlorine  used  to  bleach  pulp  when  applied  as  a  component  of 
some  other  compound,  normally  chlorine  dioxide,  hypochlorite  (sodium 
or  calcium),  or  chlorine  monoxide.  The  authors  have  generally  avoided 
this  term  in  the  report,  using  "Atomic  Chlorine"  (qv). 
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EMPPL 


EOX 


Equivalent  chiorine 


Effluent  monitoring  priority  pollutants  list.  A  list  of  substances  considered 
environmentally  signrflcant  by  the  Ontario  Ministry  of  the  Environment. 
Very  similar  to  the  USEPA  Priority  Poilutants  Ust. 

Extractable  organohalogenes  using  a  non-  or  semipolar  solvent  such  as 
hexane  or  ethyiacetate  for  the  extraction.  Extractable  chlorines  (EOCI)  or 
persistent,  extractable  organohalogenes  are  variations  of  the  analytical 
procedure. 

The  term  "chlorine  equivalent"  is  widely  used  to  define  the  "equivalent 
bleaching  power"  of  the  popular  bleaching  chemicals.  It  refers  to  a  simple 
comparison  of  free  electrons  available  to  oxidize  lignin  in  the  bleaching 
reactions.  Common  values  are: 


Chlorine  = 

1 

Oxygen  = 
Hypochlorite  = 
Hydrogen  Peroxide  = 
Chlorine  Dioxide  = 

2 
2 

2 
2.63 

Ozone  = 

3 

Exit 


in  practice,  the  actual  values  vary  somewhat,  but  the  above  values  are 
useful  for  rapid  estimates.  With  the  disappeance  of  chlorine  from  an 
Increasing  number  of  bleach  plants,  the  term  "oxidizing  equivalent"  is 
being  used  rather  than  "chlorine  equivalent" 

In  the  context  of  this  study,  refers  to  materials  leaving  a  process,  system 
or  plant. 


Extended  cooking  A  sub-set  of  extended  deligniflcation  processes  which  are  implemented  in 

the  digester. 

Extended  delignification  Refers  to  a  variety  of  processes  developed  over  the  past  twenty  years  to 
extend  delignification  of  kraft  pulps  beyond  the  traditional  levels  of  Kappa 
of  about  30  for  softwoods  and  15  for  hardwoods,  without  using  chlorine 
compounds  As  used  in  this  report,  it  would  include  extended  cooking 
{qv),  oxygen  delignification,  ozone  delignification  and  any  other 
delignification  process  prior  to  the  bleach  plant. 


F:M  ratio 


Fillers 


Food  to  Microorganism  ratio.  Term  used  in  biological  eflluent  treatment 
to  designate  ratio  of  "food"  (normally  expressed  as  BOD)  to  biomass  in  a 
biological  reactor 

Minerals,  synthetic  mineral-like  material  used  to  fill  voids  which  occur 
between  fibres.  Many  printing  and  writing  papers  contain  substantial 
amounts  of  filler.  Standard  newsprint  does  not  contain  fillers. 
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Filter 


A  device  used  to  separate  suspended  solids  from  a  liquid  or  gaseous 
carrier. 


Filtrate 


Free  soda 


Furnish 


Green  liquor 


Grits 


The  liquid  that  passes  through  a  filter. 
usually  white  water. 


In  pulp  processing,  filtrate  is 


In  brown  stock  washing,  soda  that  can  be  washed  from  the  pulp  by  a 
standard  washing  and  filtering  test.  Free  soda  and  bound  soda  constitute 
the  total  soda  loss  .  Synonymous  with  washable  soda. 

The  specific  mixture  of  raw  materials,  both  pulp  and  chemicals,  from 
which  a  particular  grade  of  paper  is  manufactured,  ready  to  be  delivered 
to  the  paper  machine. 

A  liquid  in  the  kraft  process  composed  of  the  chemicals  obtained  from  the 
recovery  furnace.  Primarily  sodium  sulphide  and  sodium  carbonate  in 
aqueous  solutions. 

In  kraft  mills,  the  inert  lime  rejected  from  the  slaker  in  the  recaustlcising 
department,  includes  impurities  such  as  sand  and  unconverted  limerock 
or  limemud. 


Groundwood  or  GWD 


Hemicellulose 


Hog  fuel 


HYS 


In -plant 


Stone  Groundwood.  Commonly  called  groundwood  pulp.  Logs  are  torn 
into  separate  fibres  by  being  forced  into  contact  with  a  rotating 
grindstone.  The  axes  of  the  log  and  stone  are  parallel.  The  oldest  widely 
used  pulping  process.  May  also  refer  to  Refiner  Groundwood. 

Portion  of  wood  fibre  consisting  of  sugar-like  substances  intimately 
associated  with  cellulose  in  the  fibre  wall  and  removed  mainly  in  the 
cooking  process. 

Term  for  wood  waste  fuel  widely  used  in  pulp  and  paper  industry  boilers. 
It  includes  some  of  the  following:  bark;  sawdust;  reject  chips;  sticks; 
branches;  cutoffs;  and  other  sawmill  and  wood  han/esting  wastes.  A 
major  component  is  usually  bark. 

High-yield  Sulphite.  Normally  refers  to  sulphite  pulping  In  the  yield  range 
of  55%  to  80%. 

As  used  in  this  report  refers  to  water  pollution  abatement  measures  which 
rely  primarily  on  modifications  to  the  production  process  or  operating 
procedures.  Examples  include  reuse  of  water,  replacement  of  liquid  ring 
vacuum  pumps  with  dry  pumps,  replacement  of  open  screens  with  closed 
screens  to  reduce  accidental  spills,  improved  process  control  and 
operator  training. 
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KNO. 


Kappa  Number 


KM.  KME 

Knotter 

Kraft  pulp 

Lethal 
Machine  dry 

Machine  finish  (MF) 

Market  pulp 
MAX95 


Synonymous  with  Permanganate  No.  (qfv). Permanganate  No.  A  mill 
test  that  measures  the  degree  of  cooking,  or  delignification  of  kraft  pulp. 
Although,  It  is  related  to  tignin  content.  It  does  not  have  a  linear 
relationship  to  it.  For  both  high  yield  and  low  lignin  content  pulps,  the 
Kappa  number  was  developed  to  provide  a  linear  measure  of  iignin  over  a 
wide  test  range. 

A  measure  of  lignin  in  pulp,  according  to  a  standard  laboratory 
procedure.  Bleachable  grades  of  unbleached  kraft  pulp  generally  have  a 
Kappa  number  from  5  to  35,  deperKfing  on  the  wood  species  and  the 
extent  of  delignification.  When  extended  delignification  is  practiced  In  a 
mill,  the  wide  range  of  lignin  content  Is  more  accurately  reflected  by  the 
Kappa  number  than  by  the  K  number. 

Kraft  mill  and  kraft  mill  effluent.  See  BK. 

A  type  of  screening  device  used  to  separate  knots  and  other  large, 
oversized  and  unwanted  material  from  wood  pulp. 

Pulp  produced  by  the  kraft  process.  Also  known  as  sulphate  pulp. 

Median  lethal  concentration.  The  concentration  of  a  substance  that  is 
estimated  to  kill  half  of  a  group  of  organisms.  The  duration  of  exposure 
must  be  specified  (e.g.  96-hour  LC^q). 

Causing  death,  or  sufficient  to  cause  death. 

The  degree  of  dryness  of  pulp,  or  more  commonly  paper,  as  it  leaves  the 
drying  machine. 

The  normal  finish  applied  to  the  paper  when  manufactured  on  a  paper 
machine  equipped  with  conventional  dryers  (differentiated  from  a  Yankee 
dryer). 

Pulp  products  such  as  bleached  or  chemical  pulps  or  mechanical  pulp 
sold  to  customers  outside  the  producing  company  for  machine  furnish. 

Annual  maximum  of  the  95th  percentile  of  daily  performance  of  a 

treatment  plant.      Excludes  the  5%   most  extreme  values  that   reflect 

malfunctioning  of  the  treatment  plant  or  the  mill.  An  approximate 
calculation  has  been  used  in  this  report: 


MAX95  =  X(i=o.95*n)  where  n=  number  of  data 

points  in  the  period. 
Daily  performance  is  better  than  MAX95  95%  of  the  time.  Performance 
may  refer  to  concentration,  mass  or  other  effluent  characteristic 
measured  on  a  24  hour  composite  sample  of  mill  effluent. 
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Maximium  daily 
discharge 

MBC 


MCC 


Mechanical  pulp 


mg/L 


MISA 


ML(V)SS 


Molecular  chlorine 


Highest  value  of  concentration,  mass  or  other  effluent  characteristic 
measured  for  one  day  on  a  24  hour  composite  sample  of  mill  effluent. 

Modified  Batch  Cooking.  Generally  refers  to  modifications  to  t)atch 
cool<ing  processes  inter>ded  to  reduce  the  Kappa  number  of  the  product 
while  preserving  or  enhancing  strength. 

Modified  Continuous  Cooking.  Generally  refers  to  modifications  to 
continuous  cooking  systems  manufactured  by  the  dominant  technology 
vendor  (Kamyr  Inc),  to  reduce  the  Kappa  number  of  the  product  while 
preserving  or  enhancing  strength. 

Wood  pulp  which  has  been  manufactured  by  physically  tearing  apart  the 
fibres  that  make  up  solid  wood.  Groundwood,  TMP  and  RMP  are  the 
most  common  examples.  The  term  mechanical  contrasts  with  chemical 
(qv).  Since  the  1970's,  a  significant  and  increasing  proportion  of  wood 
pulps  have  been  hybrid  mechanical/chemical. 

Milligrams  of  the  substance  in  question,  contained  in  one  litre  of  solution. 
Roughly  speaking,  parts  per  million.  This  is  the  common  unit  for 
assessing  water  quality. 

Municipal/Industrial  Strategy  for  Abatement.  Ontario  Ministry  of  the 
Environment  program  which  has  a  principal  goal  of  reducing  the 
discharges  of  water  pollutants,  particularly  toxic  and  or  persistent 
substances. 

Mixed  liquor  suspended  solids.  Term  used  in  biological  treatment 
referring  to  the  concentration  of  suspended  solids  in  the  biological 
reactor.  "V"  refers  to  the  Volatile  fraction,  and  is  used  to  indicate  the 
concentration  of  organic  matter. 

As  applied  to  bleaching  and  substitution  refers  to  industrially  pure  Ct^, 
normally  applied  to  the  pulp  in  gaseous  form.  The  term  is  used  to 
distinguish  this  from  chlorine  used  in  the  form  of  a  compound  such  as 
chlorine  dioxide  or  sodium  hypochlorite. 


Molecular  chlorine  free    Refers  to  pulp  bleached  without  use  of  molecualr  chlorine  (chlorine 
compounds  may  be  used). 
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Molecular  chlorine 
multiple 


In  a  mixture  containing  molecular  chlorine  and  chlorine  dioxide,  the 
molecular  chlorine  multiple  represents  the  chlorine  present  in  its 
molecular  form  and  is  calculated  as:  [CI2,  %  on  OD  pulp]/Kappa  number 
of  the  unbleached  pulp.  If  no  chlorine  dioxide  is  mixed  with  the  chlorine, 
then  active,  atomic  and  molecular  chlorine  multiples  are  all  equivalent  to 
one  another. 


Mutagen 


NCASI 


NCG 


NOEC 

NOEL 
Non-detectable 


NPOX 
NSPS 

OD 

Oligotrophic 


A  chemical  thai  causes  an  alteration  of  the  inherited  genetic  material,  i.e. 
the  DNA  of  the  genes.  In  the  narrow  sense,  the  chemical  alters  the 
genetic  material  of  paternal  or  maternal  sex  cells. 

The  National  Council  for  Air  and  Stream  Improvement  -  a  US  environment 
research  organization  sponsored  by  the  US  pulp  and  paper  industry. 

Non-condensable  gases  are  gases  emitted  from  several  parts  of  the  kraft 
pulping  process  which  do  not  condense  in  the  commonly  installed 
condensing  equipment.  TRS  and/or  methanol  are  the  predominant 
components. 

The  no-observed -effect  concentration.  The  highest  concentration  in  a 
sublethal  test  that  does  not  cause  a  significant  adverse  effect,  in 
comparison  to  the  controls. 

No-observed-effect  level.  Similar  to  NOEC 

Refers  to  failure  to  detect  a  substance  when  analysing  a  sample.  The 
minimum  level  of  detection  depends  on  many  factors  in  addition  to  the 
characteristics  of  the  substance  itself,  so  the  threshold  of  detection 
cannot  be  defined  simply.  In  Ontario,  the  term  "non-detectable"  is  defined 
with  reference  to  the  accepted  detection  limit  for  a  defined  analytical 
procedure.  In  some  cases,  (e.g.  Environment  Canada  1991  proposed 
regulations  for  dioxins)  "non-detectable"  refers  to  a  defined,  normally  very 
low,  concentration.  The  lower  limits  of  detection  of  most  pollutants  are 
decreasing  rapidly,  due  to  extensive  research,  so  that  caution  is  required 
in  interpreting  the  term  "non-detectable" 

Non-purgeable  organic  halogen  (See  also  AOX,  POX) 

New  Source  Performance  Standards.  Term  used  by  the  US  EPA  and 
some  states  to  refer  to  a  set  of  effluent  and  atmospheric  emission 
standards  that  new  plants  must  comply  with.  Generally  very  stringent. 

Refer  to  oven  dry. 

The  condition  of  a  lake  which  has  tow  productivity  because  of  lack  of 
nutrients.  The  water  would  be  clear.   Lake  Superior  is  oligotrophic. 
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Organochlorine 


Chlorine  which  is  combined  with  organic  molecules  or  bound  to  them. 
Many  organochlorines  are  formed  in  bleaching  processes  whenever 
chlorine  or  chlorine  based  compounds  are  used.  Thousands  of 
chlorinated  organic  compounds  exist,  but  only  a  small  proportion  of 
those  in  pulp  mill  effluents  have  been  identified.  AOX  is  one  of  many  ways 
of  measuring  organochlorines,  and  it  expresses  the  result  the  weight  of 
organically  bound  chlorine,  not  the  weight  of  chlorinated  organic 
molecules. 


Oven  dry  (OD) 


Oxidation  efficiency 


Pulp  or  paper  dried  in  an  oven  by  a  starxiard  latxiratory  procedure  to  the 
point  where  it  contains  no  moisture.  The  term  Bone  Dry  (BD)  is 
commonly  used  synonymously  (this  is  now  obsolete).  When  applied  to 
marl<et  pulp,  oven  dry  weight  divided  by  0.9  by  definition  of  the  pulp  (see 
Air  dry)  equals  the  air  dry  weight. 

(As  applied  to  kraft  black  liquor)  Percentage  reduction  of  sodium 
sulphide  concentration  in  the  black  liquor  after  it  has  been  oxidized  by 
blowing  air  or  oxygen  through  the  liquor,  as  applied  to  black  liquor 
oxidation  processes. 


Oxidising  equivalent        Refer  to  equivalent  chlorine. 


Particulate  emissions 


PGW 


pH 


Pollution 


POX 


Generally,  this  consists  of  all  solid  material  discharged  from  a  stack  or 
vent.  Specifically  the  particulate  flow  Is  defined  by  a  standard  test 
method.  Particulate  emissions  are  usually  expressed  as  mg/m3. 

Pressurized  stone  groundwood.  Similar  to  groundwood,  except  that  the 
logs  are  ground  under  pressure  at  temperatures  around  100  degrees  C. 
This  process  was  developed  recently. 

A  measure  of  the  acid  or  alkaline  nature  of  water  or  some  other  liquid. 
Specifically.  pH  is  the  negative  logarithm  of  the  hydrogen  ion 
concentration  (H30  +  ).  Practically,  pH  7  represents  a  neutral  condition  in 
which  the  acid  hydrogen  ions  balance  the  alkaline  hydroxide  ions.  Values 
of  pH  below  7  represent  acid  conditions  and  values  above  7  are  alkaline. 
A  change  of  one  unit,  for  example  from  7  to  6,  represents  a  ten-fold 
increase  in  hydrogen-ion  activity,  and  thus  a  ten-fold  increase  in  the 
"acidic"  nature  of  a  water.  Soft  northern  waters  would  typically  range  from 
pH  6  to  7.5;  hard  waters  of  southern  Ontario  would  usually  be  close  to 
pH  8.  The  pH  of  the  water  can  have  an  important  influence  on  the 
toxicity  of  chemicals  in  effluents. 

With  reference  to  water  pollution,  the  addition  of  something  to  the  water, 
resulting  in  a  measurable  effect,  which  is  deleterious  to  some  use  of  the 
water  by  living  organisms  including  humans. 

Purgeable  organic  halogen  (see  also  AOX.  NPOX) 
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Precipitator 

(electrostatic) 


Precursors 


Pretreatment 


Primary  treatment 


PRMP 


PTMP 


RDH 


Recovery  furnace 


Refiner 


Refiner  groundwood 

Residue  filtered 
Residue  particulate 
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A  piece  of  equipment  which  uses  electrostatic  forces  to  recover  solids 
from  a  gas  stream  by  the  use  of  high  voltages  applied  to  plates  or  wires  in 
the  stream. 

A  group  of  unchlorinated  dioxins/furans  which  have  the  potential  to  be 
transformed  into  chlorinated  dioxins/furans  during  combustion  or 
treatment  with  elemental  chlorine  such  as  in  the  pulp  bleaching  process. 

Describes  initial  treatment  processes  before  an  effluent  reaches  primary 
treatment.  The  processes  are  designed  to  remove  grit,  coarse  material 
and  debris,  to  neutralize  acid  or  alkaline  wastes,  and  to  equalize  the 
effluent  characteristics  and  flows.  This  is  carried  out  by  mixing  the 
collected  effluent  streams  and  directing  occasional  large  flows  or 
concentrated  streams  to  spill  tanks  or  basins.  This  is  a  normal  part  of 
pulp  mill  operations. 

This  is  intended  to  remove  suspended  solids  from  the  effluent  and 
normally  includes  dewatering  the  recovered  settled  solids  or  sludge  to 
facilitate  disposal  to  landfill  or  by  combustion.  Primary  treatment  is  a  pre- 
requisite for  most  secondary  treatment  processes. 

Pressure  refined  mechanical  pulp.  Similar  to  PTMP  except  that  the  chips 
are  not  presteamed  at  an  elevated  temperature  prior  to  refining  which  is 
customary  for  TMP  and  PTMP  systems. 

Tandem  or  "pressure/pressure"  thermomechanlcal  pulping.  Similar  to 
TMP  except  that  both  primary  and  secondary  stages  of  refining  are 
pressurized.  This  approach  is  becoming  so  common  in  new  installations 
that  the  term  TMP"  may  be  used. 

Rapid  Displacement  Heating.  Process  modification  to  improve  heat 
economy  and  lower  product  Kappa  number  for  batch  pulping  systems  in 
kraft  mills.  This  is  a  Belolt  process. 

A  unit  used  to  burn  recovered  cooking  liquor  to  produce  steam  and  to 
recover  cooking  chemicals.  Frequently  known  as  the  recovery  boiler. 

As  applied  to  pulping  wood,  or  modifying  pulp  fibres  in  paper  making.  A 
device  which  separates  fibres  by  passing  the  wood  chips  through  a 
narrow  gap  between  rotating  and  stationary  plates  with  serrated  surfaces. 
Since  the  early  1970s,  refiners  have  become  the  mainstay  of  most  pulping 
processes  except  kraft. 

Mechanical  pulp  made  by  separating  wood  chips  into  discrete  fibres  In  a 
refiner. 

(RSF)  Term  used  in  many  MOE  documents  for  dissolved  solids. 

(RSP)  Term  used  in  many  MOE  documents  for  suspended  solids  (q.v.). 
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Retention  aid 


Reversion 


RMP 
Saveall 


Screen  room 


Scrubber 


Secondary  treatment 


Sliives 


Siirinl<age 


Sludge  filter 


Smelt 


Soda  loss 


Generic  group  of  chemicals  used  in  small  quantities  to  Improve  the 
retention  of  fine  fibres  and  fillers  on  paper  machine  wires.  Widely  used  in 
fine  papers,  they  may  be  used  in  almost  any  type  of  paper  mill. 

Tendency  of  a  pulp  or  paper  sheet  to  lose  brightness  with  time.  Typically 
several  brightness  points  are  involved,  over  time  spans  of  days  to  months. 

Refiner  mechanical  pulp.  Atmospheric  refining  with  no  pretreatment. 

Equipment  used  to  recover  fibres  and  filler  from  the  white  water.  Usually 
a  wire-covered  rotating  drum  or  wire-covered  discs.  Vacuum  is  employed 
to  draw  the  water  through  the  wire.  Today,  the  "wires"  are  usually  plastic. 
There  are  several  other  types  of  save-alls  working  on  a  sedimentation  or 
flotation  principle. 

A  common  term  for  the  screening  and  cleaning  department  which  usually 
follows  a  pulping  operation. 

A  piece  of  equipment  used  to  remove  certain  gases  or  solids  from  a  gas 
stream  normally  utilizing  a  spray  of  liquid,  such  as  water  or  an  aqueous 
solution  of  reactant.  Dry  scrubbers  are  used  for  some  applications. 

A  stage  of  waste  treatment  in  which  micro-organisms  decompose  organic 
constituents  in  the  effluent.  In  the  process,  they  use  oxygen  for  their 
metabolism  and  to  oxidize  the  waste  material.  Most  secondary  treatment 
processes  also  reduce  toxicity. 

A  small  bundle  of  fibres  that  has  not  been  separated  completely  in  the 
pulping  operation. 

A  term  normally  applied  to  the  pulp  loss  in  bleaching  due  to  removal  of 
lignin.  Usually  expressed  as  percent.  Pulp  typically  shrinks  about  7%  on 
bleaching.  It  also  refers  to  losses  in  deinking. 

A  piece  of  equipment  used  to  concentrate  suspended  solids  by  removing 
water  from  them.  The  solids  are  recovered  after  settling  in  a  clarifier. 

The  inorganic  chemicals  that  are  obtained  in  molten  form  from  the 
recovery  furnace. 

The  loss  of  sodium  salt  due  to  imperfect  washing  of  the  pulp,  or  in  the 
recovery  of  sodium  compound  in  the  chemical  recovery  system.  For  pulp 
washing  the  measure  should  include  both  bound  and  free  soda,  and  for 
clarity  reports  should  state  what  is  included.  The  intent  is  to  include  all 
soda  leaving  with  the  pulp. 
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Stock 


Stock  preparation 


Sublethal 
Sulphate  pulp 
Sutphidity 
Sulphite  pulp 

Suspended  solids 


TCDD/TCDF 


A  general  term  for  a  suspension  of  pulp  fibre  in  water;  usually  impiles  a 
consistency  between  0.2%  and  15%.  A  papermaker's  terms  for  the 
beaten,  refined  and  mixed  materials  (furnish)  in  a  water  suspension  as 
supplied  to  the  paper  machine  (also  called  "stuff). 

A  term  for  the  operation  which  occurs  between  pulping  or  bleaching  and 
formation  of  the  web  on  the  paper  machine.  The  operations  may  include 
blending  of  several  pulps,  addition  of  colour,  filler  and  other  materials  and 
chemicals. 

A  concentration  or  level  of  a  substance  that  would  not  directly  cause 
death.  An  effect  that  is  not  directly  lethal. 

A  term  that  is  often  used  for  kraft  pulp,  especially  in  Scandinavian 
literature. 

In  white  liquor,  the  percentage  of  sodium  sulphide  to  sodium  sulphide 
plus  sodium  hydroxide,  with  all  compounds  expressed  as  sodium  oxide. 

A  chemical  pulp  which  is  manufactured  by  separating  the  fibres  of  wood 
chips  by  cooking  (qv)  them  in  a  hot  solution  of  sodium,  magnesium, 
calcium  or  ammonium  sulphite  and  sulphur  dioxide  under  pressure. 

Particles  of  matter  suspended  in  the  water.  Measured  as  the  oven  dry 
weight  of  the  solids,  in  mg/L,  that  are  retained  on  a  standard  filter  paper. 
Less  than  25  mg/L  would  be  considered  clean  water,  while  an  extremely 
muddy  river  might  have  about  200  mg/L  of  suspended  solids.  The  term 
Total  Suspended  Solids"  O^SS)  is  now  the  correct  term  to  use  in  North 
America,  and  it  is  rare  to  report  suspended  solids  other  than  as  Total 
Suspended  Solids,  although  the  suspended  solids  component  of  a 
wastewater  can  be  broken  down  analytically  into  many  subdivisions  if 
desired.  In  Sweden  the  TSS  analysis  is  carried  out  with  70  micron  wire 
filter  which  is  much  more  open  than  the  APHA  standard  used  in  North 
America  and  results  in  lower  TSS  values. 

Refers  to  air  dry  tonnes.  Commonly  used  In  Scandinavian  literature,  but 
little  used  in  North  America  where  the  norma!  abbreviaiton  is  ADt. 

In  this  report  TCDD/TCDF  refers  to  2,3,7.8-TCDD  and  2.3,7,8-TCDF. 
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TEF 


TER 


Tertiary  treatment 


Toxicity  Emission  Factor.  A  measure  of  the  amount  of  toxicrty  discfiarged 
in  an  effluent.  It  is  the  toxicity  of  the  effluent  multiplied  by  the  volume  of 
effluent  discharged  for  each  tonne  of  production  at  the  mill.  The 
calculation  is  usually  based  on  the  lethal  concentration  of  the  effluent 
(LC50)  to  trout  or  other  fish.  Since  toxicity  is  the  reciprocal  of  LC50,  TEF 
is  equal  to  100  times  the  number  of  cubic  metres  of  effluent  discharged 
per  tonne  of  product,  divided  by  the  LC50  as  a  percentage.  The 
numerical  value  of  TEF  may  be  thought  to  represent  the  number  of  m^  of 
"just-barety-lethal"  effluent  that  are  discharged  for  each  tonne  of  product. 
(TEF  may  also  be  obtained  by  dividing  the  TER  by  the  daily  production.) 

Toxicity  Emission  Rate.  Similar  to  TEF,  but  a  measure  of  the  amount  of 
toxicity  discharged  in  an  effluent  during  unit  time,  usually  during  one  day. 
It  equals  the  toxicity  of  the  effluent  multiplied  by  m^  of  effluent  per  day. 
TER  is  equal  to  100  times  the  number  of  m^  of  effluent  per  day,  divided  by 
the  LC50  as  a  percentage. 

This  is  a  final  process  of  effluent  treatment  after  primary  and  secondary 
treatment  steps.  It  embraces  a  broad  range  of  processes  used  to 
remove  items  such  as  colour,  odour,  taste,  and  toxicity.  It  is  often  used 
for  removing  nutrients,  especially  phosphorus,  from  municipal  effluents. 


TMP 


TOCI 


Thermomechanical  pulp.  Chips  are  steamed  and  refined  at  an  elevated 
temperature  in  a  "primary"  refiner,  normally  followed  by  second-stage 
atmospheric  refining. 

Total  organically  bound  chlorine.  Quantity  of  organically  bound  chlorine 
in  a  sample,  determined  according  to  a  method  described  by  Sjostrom 
(1982).  This  is  similar  to  the  measurement  of  AOX,  except  that  the  TOCI  is 
sorbed  onto  XAD  (ion-exchange  resin),  instead  of  activated  carbon.  This 
is  a  measure  of  the  total  chlorine  in  organic  compounds,  many  of  which 
may  be  unidentifled.  This  term  has  been  replaced  by  AOX  in  most 
countries. 


TOX 


Toxic 


Abbreviation  commonly  used  to  refer  to  the  Total  organic  halogen 
analytical  procedure  defined  by  APHA  et  al  (1989).  This  provides  a 
measurement  that  is  essentially  the  same  as  AOX. 

Generally,  describes  a  substance,  a  dose,  or  a  concentration  that  is 
harmful  to  a  living  organism  by  means  of  chemical  action. 
In  the  context  of  this  report,  'toxic"  refers  to  acute  lethality  to  rainbow 
trout  (96-hour  LC^J  or  daphnia  magna  (48-hour  LC„),  as  determined 
by  the  Ministry's  standard  tests,  unless  otherwise  noted.  It  bears  little 
or  no  relationship  to  the  toxicity  of  an  effluent  to  humans,  toxic  effects  on 
algae,  plants  or  bacteria,  or  the  persistence  or  bioaccumutative  properties 
of  the  substances. 
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Toxicity 
Toxicity  test 

TRMP 
TRS 


The  quality  or  action  of  being  toxic, 
bioioglcai  damage. 


The  action  of  causing  severe 


Any  test  In  which  the  harmful  action  of  a  substance  Is  measured  by 
observing  the  effect  it  has  on  a  living  organism,  organisms,  or  some  living 
system. 

Thermo-refiner  mechanical  pulp.  Chips  are  presteamed  at  a  temperature 
over  100  deg  C  and  then  refined  at  atmospheric  pressure. 

Total  reduced  sulphur.  A  general  term  for  sulphur  gases  emitted  from  the 
kraft  process,  excluding  sulphur  dioxide  and  trioxide.  Generally 
considered  to  Include  hydrogen  sulphide,  dimethyl  sulphide,  dimethyl 
disulphide  and  methyl  mercaptan.  These  gases  are  the  principal  cause  of 
the  classic  kraft  mill  odour.  They  are  generated  by  the  reaction  of  sodium 
sulphide  with  some  of  the  wood  components.  TRS  is  normally  expressed 
as  elemental  sulphur. 

Total  suspended  solkJs  (qv).  See  suspended  solids. 

An  attribute  of  water,  causing  scattering  of  light  as  it  passes  through  the 
water.  Usually  caused  by  fine  suspended  particles,  but  may  be  caused  by 
colour. 

Micrograms  per  litre.  Roughly  speaking,  a  part  per  billion,  or  only  one- 
thousandth  of  the  strength  of  one  mg/L 

United  States  Environmental  Protection  Agency. 

Refer  to  free  soda. 

(Plural:  criteria)  In  the  broad  sense,  a  criterion  is  a  number  which  may  be 
used  for  judgement.  In  aquatic  toxicology,  w.q.c.  commonly  means  the 
highest  concentration  which  is  not  expected  to  cause  an  appreciable 
effect  on  an  aquatic  system  or  its  users.  The  number  is  derived  from 
available  scientific  data.  There  may  be  several  sets  of  criteria  for  the  same 
substance,  e.g.  for  drinking  water,  industrial  use,  etc.  These  criteria 
always  apply  after  dilution  in  the  receiving  water. 


Water  quality  objective    Similar  to  water  quality  standard  except  that  it  is  merrfy  an  expression  of 

a  desirable  goal,  and  does  not  have  the  same  force  as  a  regulation,  nor  is 
there  a  penalty  for  transgression. 


TSS 

Turbidity 

ug/L 

USEPA 

Washable  soda 
Water  quality  criterion 


Water  quality  standard 


A  meiximum  concentration  of  a  pollutant,  or  a  maximum  or  minimum  level 
of  some  characteristic  such  as  pH,  which  is  not  to  be  transgressed  in  a 
body  of  water.  These  numbers  are  promulgated  by  a  government  or  Its 
agency  by  means  of  laws  or  regulations.  They  may  or  may  not  adhere 
closely  to  criteria. 
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White  liquor 


A  liquid  in  the  kraft  process  composed  of  the  chemicals  used  in  the 
digester  to  cook  the  wood  chips.  Primarily  sodium  sulphkJe  and  sodium 
hydroxide  in  aqueous  solution. 


White  water 


Abbreviated  WW,  a  general  term  for  water  removed  from  a  pulp 
suspension  and  containing  a  small  amount  of  fibre  arxl/or  additives.  On 
a  paper  machine,  the  excess  water  drained  through  the  wire  from  the 
furnish.  The  use  of  the  term  "white  water"  usually  Implies  low  dissolved 
solids  content,  and  a  suspended  solids  content  up  to  about  1000  mg/L, 
mostly  of  fine  material.  Always  white  or  beige  when  white  paper  Is 
produced,  white  water  contains  pigments  when  coloured  paper  is  being 
made,  and  can  be  any  colour. 


Zero  concentration 


Zero  concentration  of  any  substance.  Is  unattainable  in  to-day's  world  of 
rapid  advances  in  analytical  chemistry.  A  substance  may  be  non- 
detectable  (qv),  but  it  is  scientifically  inaccurate  to  state  that  the 
concentration  of  any  substance  in  an  effluent  sample  is  zero.  The  authors 
have,  therefore,  refrained  from  such  terms  as  "zero  concentration"  or 
"elimination"  of  discharges  of  specific  substances,  unless  they  are 
qualified  by  adjectives  such  as  "virtual",  or  in  a  special  situation  such  as  "a 
waste  stream  is  totally  eliminated". 


Zero  effluent 


For  the  purpose  of  this  report  zero  effluent  is  taken  to  mean  elimination  of 
liquid  process  effluent  from  a  pulp  or  paper  mill,  without  transferring  an 
unreasonable  load  to  the  airshed  or  soil. 
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Unit  conversion   factors 


Unless  otherwise  stated,  all  units  in  this  report  are  stated  In  the  Systfeme  International  (SI). 
Conversion  factors  between  traditlonai  and  SI  units  are  shown  overleaf. 
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CONVERSION    FACTORS 


1  kg  {kilogram) 
1  t  (tonne) 

1  ADt 


2.205  pounds  (lb.) 
1,102  short  (US)  tons 
0-9842  long  (US)  tons 
0.9  oven  dry  tonnes  pulp 


1  m  (metre) 

=  3.281  feet 

1  km  (kilometre) 

=   0.6214  miles 

1  hectare 

-   2.471  acres 

1  km2 

^   1 00  hectares 

1  km2 

=  0.3861  square  miles 

1  L  (litre)  of  water 

=  approx.  1  kg 

1  m^  of  water 

=   1000  L 

=  35.31  cubic  feet 

=   220.0  Imp.  gal. 

=  264.2  U.S.  gal. 

1  mVt 

=   199.6  Imp.  gal./short  ton 

=   239.7  U.S.  gal./short  ton 

1  kg/tonne 

=   2  lb/short  ton 

Fractional  Units 

1  tonne 

(metric  tonne) 

1kg 

(kilogram) 

ig 

(gram) 

1  mg 

(milligram) 

1  i^Q 

(microgram) 

1  ng 

(nanogram) 

1  pg 

(picogram) 

Ifg 

(femtogram) 

1  ag 

(attogram) 

[lb  X  0.4536  =  kg] 

[s.  tons  X  0.9072  =  tonnes] 

[I.  tonsx  1.016  =  tonnes] 


[feel  X  0.3048  =  m] 
[miles  X  1 .609  =  km] 

[acres  x  0.4047  =  hectares] 
[sq.  mi.  X  2.590  =  km^] 


=  approx.  1  tonne 
[cubic  feet  x  0.02832  =  m^] 
[Imp.  gal.  X  0.004546  =  m^J 
[U.S.  gal.  X  0.003785  =  m^j 

[1000  gal/ton  X  5.011  =  mVt] 
[I000gal/tonx4.171  =  mVt] 

[lb/ton  X  0.5000  =  kg/t] 


10«g 

103  g 

ig 
10^  g 

10^9 

io-«g 

10-'2g 
10 '=g 
10-^«a 


=  1000  kg 

=  1000 g 

=  1000  mg 

=  1000 /ig 

-  1 000  ng 

-  1 000  pg 
=  lOOOfg 
=  1 000  ag 


Approximate  Equivalents 


ig/L 

=  1  g/kg 

=  10^  g/g 

=  "1  part  per  thousand" 

1  mg/L 

=   1  mg/kg 

=  10^  g/g 

=  "1  part  per  million" 

1^g/L 

=   1  Kg/kg 

=  10-«  g/g 

=  "1  part  per  billion" 

Ing/L 

=    1  ng/kg 

-  10-^=  g/g 

=  "1  part  per  trillion" 

1pg/L 

=  1  pg/kg 

=  10-'^  g/g 

=  "1  part  per  quadrillion 
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